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1. Introducion 


This is the final technical report for Contract DAAG29-77-C-033. The purpose 
of the contract was to support a companion contract DAAG29-77-C-034 in an 
evaluation of alternative military architectures. In order to evaluate the computer 
architectures, an ISP description must be constructed for each architecture. This 
description drives a simulator that is used to debug and measure the test programs 
written for the evaluation. Under this contract, the ISP descriptions for four military 
computers, the AN/UYK-7, the AN/GYK-1?, the AN/UYK-19 and the AN/UYK-20, were 
vunstructed. This report consists of the four ISP descriptions. The report of the 
results of the companion evaluation entitled "Phase II Comparative Evaluation of MCF 
Computer Architectures” is appended to this report. 
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1 15P deacription of the ON/UYE 7? computer aechitecture. 


1 Thee FAN /UYR =? Im manulertueed by the Univec Division of the 
{1 Gprrry Paod Corporation. 


{ The AN/UYE-? ta billed to be » "highly relieble ruggedized 
multipl. processor system designed ...... for military 
epolications®. 


{ The AN/UM-7 erchilecture presented here was coded In axcurdence 
{ with the "“AN/UYE-? Technice) Description’ sanual, Sperrr-Univec, 
{ Pevised May. 197}. 
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FONPAD LAI 
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{ V1.7 
! 2a JU 197? 


! V1.7 FOR FORMAT JI! INSTPUCTION. 80TH PS AND PD APE LOADED DURING 
t AN JUMP. PS FROM THE 5 FIELO. PO FROM THE ¥ + (8¢8>) OF THE LAST 
{ ADDRESS FETCH, 20 JUL 77, KKL 


! V1.6 FIXED WRITOP 10 COPPECTLY STORE ON INDIRECT ROORESSING, 
! PROELEM WAS DISCOVEREO FOR DOUBLE STOPE. BUT SHOULD 

! HAVE EFFECTED ALL INDIRECT STORES (NOT FOPHAT I). 

! 24 JUN 77, GW, 


! V1.5 16NTT ONE'S COMPLEMENT INDEX ROOFP 15 USED TO GENERATE 
! PAPTIAL AODPESS @ FORMS LITEPAL OPEPF 5 (P21). INDEX REGISTER 
! 1S CONSIDERED AS UNSIGNED 1GBIT QUANTITY FOR B? IN REPEAT. 


\ Vi.4 CHANGES ATTEMPT TO CORPECT “HER °GOTCHAS 

! JN THE PEPEAT INSTRUCTION. (RF OF THE MANUAL) 
! REPEATED SEQUENTIAL CHARACTER SSING ACTS 

! LIKE SINGLE CHARACTER MDDPESSING UALESS THE REPEATO 
t INSTRUCTION TEPHINATES OR 1S INTERRUPTED. IN THOSE 
t CASES, THE ICW 1S UPDATED, 

! UNFELATED 10 ABOVE, C FIELD CODES FOR WORD AND 

! SINGLE CHARACTER INDIRECT ADORESSING WERE REVERSED. 
! (REF P33 OF THE HANUAL). 


' 
! VJ.3 PEPEAT INDEX INCREMENT (REF P&4 OF THE HANLALD 
! WERE INGDVERTENTLY EXCLUOLD FROM CAPLIER VERSIONS OF 
! THIS DESCPIPTION. 
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{ MacPro OFF TWIT TONS 


ANLYE Ai = 
COL CLAPE 


MACPO BEGIN ef 6 
nACPO ENDie) 8 


MACPO MAXW: +3276? & TAPCHITECTUPL SUPFORTS 252.144 WORDS 
MACPO MAKNDRP aStt & tAND S12 WORDS OF NORD 
mCPO NO.OF: =TO-Te 8 {NO-OPERATION 


MACPO ONESZ1 9039777777777? & {MEGATIVE ZERO 
{ MEMOPY STATE 
| PRIMAPY MENOPY 
MHEG: MAXWIC 3S 189) (PRIMARY WORD MEMORY 


UL NON-OESTPUCTIVE PEAD-OUT (NORD) MEMORY ‘ 
| MAGNETIC COPE ROPE MEMORY WHICH NORMALLY CONTAINS: 


! THE WARDWARE INTERRUPT AHAL YSIS ROUTINE 
! TWO INITIAL LOAD OR AUTOMATIC RECOVERY ROUTINES (BOOTSTRAP). 
! A DIAGNOSTIC PROGRAM 


NDRO! 0: MAXNDR 163110) 


1 3/0 CONTROLLER INTERFACE 


10C(0:35¢3b10>) 1 WRITE ONLY (BY 10 INSTRUCTION) 


Ur ISP Er yar naayecery 190 


{ PPOCE SSOP STATE 


OPEPATTONG PLO TSIFPS 


Prides 
Oye 7 Mere PON D2 1 
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CPU CONTSOL ME MOPY 


CHP TQ a} P7063) 18d5 


TAS). MODE 
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PROLPAE ADIPESS KEGISTER 
POPEGISTER S CANS) FIELD 
P REGISTER © (DISPLACEMENT? 


CPU CONTROL MEMORY 


ACT (796911 O>1eCHP[ O17 13h Odd | ACCUPULATORS 0-7 
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2 ©) INST AND DPND ADORESS 
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| ACTIVE STATUS REGISTER 
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LOCK OUT LOTR PRIORITY INTS. 

BASE (5) FEGISTER SELECT 
POUND C8) PLGISTER SELECT 


HERORY LOCKOUT DISABLE 


t 
! 
! 
! 
' 
! 
' 
t 
| LOAD BASE ENABLE 
t 
! 
t 
t 
! 
' 
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BOOTSTRAP HOOt 
PROGRAMMABLE SPARE BITS 
CONDITION COOES 
FIXEO POINT OVERFLOW 
1 ©) EQUAL 
1 > GREATER OR EQUAL 
4 o> GUTS LIRETS 
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1 SEGMENT IDENTIFICATION PEGISTERS 
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'HCCURULATURS 8-7 
'CPU MONTTDP CLOCK PEGISTER 
' INDEX (B) REGISTERS 


"BASE (5) PEGISTERS 


'STORAGE PROTECTION REGISTERS 


{SEGMENT IDENTIFICATION REGS 
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OURS TRPUCTION PEGISTER (U} OPEPUND FIELOS 


UCBs 
i FIFCD OFF TNT TT ONS 


an re rae 
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M2 Aree Pre 
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SvVCIS: Od eUCIS1 Os 
YO1200> eUI21 ds 


UBISY<19; @>19U<I918>) 


UHICHS:@>2eUC 3h 16>) 
eA OCIS O>reUK Sis 


{ V REGISTER AND ICW FORMAT 


VIN IPL TION PEGISTER 
FIRLD FORMAT 
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K mt 

A TV(B) 

s 1. Ir. 
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| U REGISTER B. 1. Ss ¥ FIELDS 


| UPPER HALF WORD 
{ LOWER HALF WORD 


! THE V PEGISTER TS MENTIONED IN THE AN/UYK-7 TECHNICAL DESCRIPTION, 
I! HUT 11S USE WAS NOT SPECIFIED. 1 WS CHOSEN FOR USE WHEN 
! INTEPPRETING JNDIPECT CONTROL WORD (ICH) FORMATS. 

veal: { V-INTCPNAL DECOOE REGISTER 


COLA eeUCZI1 IAD 
Cri oe2¥e2993 
DES: Oot eVCIS: Bos 
POS C410) 62412895 


VOTSYC19: B21eVC19:18>) 


VYCAZO>1 V2: Bde 
Wedd reVC ZN 2597 


1 CONTPOL DESIGNATOR 

1 IND. SUBFUNCTION DESIGNATOR 
1 ADOPESS DISPLACEMENT 

! POSITION INDICATOR 

1B. 3, S. Y FIELOS 

1 ¥ FIELO 

1 CHARACTER LENGTH DESIGNATOR 
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TNH LEON GREET PR PEGISTER 
Lope Me AAD JH AL Pe 

LOW P ber OD IN De 
OPEPAND ADDPFSS SEGISTER 
OPEPAND BUFFER PEGISTER 
TEMPOPAPY ROUPLSS BUFFER 
TEMPORARY OPEPAND BUFFER 
MASY FUP CHAPACIER INSERT 
NO-OP PEGISTER 

TEAPOPAPY pCCUMULATOP 
TCAFPOPARY ACCURULATOP 
TEMPORARY ACCUMULATOR 
TERPOPARY ACCUMULATOR 
TLMPOPAPY DOUBLE ACCUMULATOR 
TEMPOPARY DOUBLE ACCUMULATOR 
TEMPORARY DOUBLE ACCUMULATOR 
TEMPORARY DOUBLE ACCUMULATOR 


TEMPOPARY INDEX REGISTER 


TEMPORARY REGISTER OF 1NOEX ADD 

TEMPORARY BASE REGISTER 

TEMP FOR LAST OPEPRAD RDORESS 
USED FOR UPDATING ICH LIT 

SPECIAL INTEPRUPT LOCKOUT 


INTERRUPT STATUS CODE 
INTERRUPT CLASS VECTOR 


POWER FAIL FLAG (1 => FAILURE) 
FRONT PANEL SWITCH 
BOOISTRAP SW. (3 POS: 4. 2) 


FRONT PANEL SWITCH 


STOP SWITCH 
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1 oISP IMP ER NTATION PELATED VAPIABLES [PAGE 7) 


AMC TAY 
AAC ADS 
BOC ADD 


COUNT(S:@>: 
TFLAGODs 
CePFODs 


PPFL AGC ds 
PCCC2:8>3 


WIFLAGC>) 
COMPAR) 
PEPLACCS: 


SIGNS >t 
SION Oda 


JUMPSUC218) 
STOPSHC210>1 
MUFLAGCD: 
WOPC $1 @>s 
PPTACZ0>) 
PPTBC210>1 
RPISYCIS1@>1 
TSIRCL1O>s 


SHCOUNT< 31:0) 


GENERAL ACCURLALATO® PCG ADOR 
GENFPAL TINDER PEG AdDPESS 
GEM PAL Rast PIG ADOPESS 
INTEPPUPT MOOL BASE REGS 
SUN COUNTEW 

INDIRECT FLAG 

EXECUTE REMOTE FLAG 


PEPEAT FLAG 
PEPERT CONDITION CODES 


WRITE 10 MEMORY FLAG 
COMPAR INSTRUCTION INDICATOR 
REPLACE INDICATOR 


SIGN HOLDER FOR ARITHMETIC OPS 
SIGN HOLOCR FOR ARITHMETIC OPS 


JUMP SHITCH 
STOP SWTICH 
FLAG FOR Hat! EXECUTION 


WORD FLAGS FOR INTERRUPT 
CLASSES 1 AND 1] 


SPECIAL °A® FICLO FOR REPEAT INSTRUCTION 


SPECIAL °B° FIELD FOR REPEAT 
SPECIAL °SY* FIELD FOR REPEAT 


HOLDS TST RESILT FOR COMPARES 
SHIFT COUNT COUNTER 
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{ UTILITY POUTINES 
* GEY RADE PEGISTER 
GbYSre ni GIN 
SI COOk HASF «> 
\Q@ TS = PSTISAICP 7 AD, 
é NL YS = RSESed<i7e> 
ENO, 
CHECK DPEPAND READ 
ChOPPO: *BEGIN 
tf NOT LO ®) 
BEGIN 
IF WOT SPR(SO1C19> «> 
CINTIMECK2> © 9) 
150 + mf NEXT 
BAILOUT ICYCLE 
, 
ENO 
END: TEND CKOFPD 
CHELK OPEPAND ADDPESS LIMIT 
CKOPAD: «BEGIN 
If NOT MLO > 
50 + 5 NEXT 
GETS WEXT ! BASE PEGISTER RETUPNS IN “T§° 


TENE: 8 A RE PNR AT SR ate oa) j tee 


CIF CHORE GTR (1S + SPRISO}1C15:0))) «> 
INTVECC2> & Ba 
ISC + 12 
) 
ENO; 1ENO CKOPAD 


CHECK INSTRUCTION BREAKPOINT 


CKIBPT: eBEGIN 
IF BPCOODE<O> => 
CIF MAR EQL SPADOR => 
BREAK: = i { 
INTVECK2) © O) 
TSC + 013 
) 
) 
ENO! {END CKIBPT 


CHECK OPERAND BREAKPOINT 


CKOSPT 1 eBEGIN 
IF BPCODE<S> => 
CIF MORP EOL BPADOR «> 
INIVECK2> © fh 


1SC + #5) . 


END) = TENO CKOBPT J 


Powe 9-! 
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1 UTILITY POUTINES (PAGE 21 


! THESE POUITINES “PE USED TO SELECT EITHER THE MAIN MEMORY 
! OP THE NDPD FOP INSTPUCTION PEAD. 

1 OPE PEND PEAD 1S A WAYS FROM THE halk MEMOPY. 

{ THE NDPO 1S USIO UNDE? CE?TAIN INTEPPUPT CONDITIONS. 

{ AERA AN /UYP-? WOULD CONTAIN TRUE PEAD ONLY ROUTINES. 

{ THIS SIMULATION WOULD WEED 10 HAVE ANY SPECIAL JNIERRUP! 
! POUTINES INSEPTED (BY A SIMULATOR "READ® COMMAND) PRIOR 
! 10 EXECUTION. 


PRive =f PERORY PEAD - INSTRUCTION 


BEGIN 
DECODE «NDP NEQ @) ©> 
\e BEGIN 
CKIBPT WEXT 
PIBP = PHIM] ARC 710>) 
tN 
Nl MIGP + NOPULAIAR(B:8>) 
ENO; ! ENO PR} 
fROre =| MEMORY READ - OPE RAND 
BEGIN 
CKOPAD NEXT 
CKOPPD NEXT 
CroBPT NEXT 


MORP + MI MOARC!7:90>) 
ENO: YEN FRO 


t THE FOLLOWING ROUTINES ARE USED TO WRITE TO HAIN MEMORY, 
t THE WRITE FLAG IS USED 10 CHECK TERMINATION OF REPEATED INSTRUCTIONS. 


! CHECY. OPLPAND WRITE 
CKOPMT: «BEGIN 
If NOT MLO => 
GCGIN 
IF WOT SPRISOICIED => 
INTVECCZ>688 
1SC + 013 NEXT 
BAILOUT ICYCLE 
ENO 
END: ‘ENO CKOPWT 
WwOre = BEGIN ‘ 
CKOPAD NEXT 
e CKOPHT NEXT 
CroBPT WEXT 
PHI MORR< 17189) + MOOR: 
WIFLAG + 1 


END: {END AMO 


op epee eos ed 
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TE UTILTSy POUTINES (Pate 31 


GET ACCUM 4&1 08 


GETAQ 1 = AEGIN 


OF LODE ATSEL => 
\8 TAR » ACTIAD): 
AL Tag + ACIIAG) 
ENO: 


GET AC SPECIFIED BY A FIELD 


GETA,e 


BEGIN 

SQ 6 A NEXT 
GEtAe 

END: 


STORE ACCUMULATOR 


PUTAG: > BEGIN 


DECODE AISEL => 
\8 ACTIAA! » Tae: 
\t ACIIAG) » TAB 
€NO! 


GET ACCUMULATOR [AG 6 1) 


GETAL © BEGIN 


Pe pe oe a ee EE ST a ee EEO ES ee ee 


CIF (A@ + 1) GIR HW? BD 
BEGIN 
ASPCO> © fa 
INTVECE2> » 4 
TSC = 912 NEXT 
BAILOUT ICYCLE 
£¥0 
) WEXT 
{DECODE AISEL »> 
\® TAL + ACTICA® © 1)c200>)8 
NS TAL © ACEICAB © 9962109) 
) 
END: TEND GETAI 


WO1SeCra+ 180 


PONE Ae Sa OEY AD 


Puee 11-1 
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{ UTILITY POUTINES I PAGE 4) 
! STOPE ACCURMRAIOP (A 6 1) 


OUTALL © AEGIN 
C1F CG 6 47 LTP 9? 8; 


BEGIN 
ASPKO> + 14 
INTVEDCZ> © fF 
ISC + wi2 WEXT 
BAILOUT ICYCLE 
ENO 

) NEXT 


{OECODE AISEL => 
‘ NO ACTICAR © 39210) © TAL) 
Ni ACTECAR © 192160) © TAL 


: i 
ENDS tENO PUTAL . 
t GET INDEX PEGISTER ; 
GEIB:* BEGIN 


(iF BO EQ 0 => IB + O)) 
(1F BO NEQ @ »> 
(DECOOE AISEL => 
\@ TB > PRTIBAI<1916>9 
Nt TR + ROLIBON<19:0> 


) 
ENOL 'ENO GET6 


t STORE INDEX REGISTER 
PUTAte BEGIN 
(IF 86 NEQ @ => 
- (DECODE AISEL => 


\@ RATIBO)<1910> + TBs 
Mi RBI(BA)<i91@> + TB 


ENO) 
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1 UTILITY POUTINES TPAGE 5) 


{ 


GET COURLE LENGTH UneiaAme rACEA © 13, ACTAN 


CETD1= BEGIN 
AA e A ONENT 
GLIARL 
GETA) WEXT 
TOAC311B> © TABS 
109631 32> + TAL 
END: 'END GETO 


STOPE DOLAILE LENGTH VARIABLE (ACTA ¢ 1). ACTA)? 


PUTDi» BEGIN 
TAB + TORCI1I8)) 
TAL © 106663:32) NEXT 
PUTAN) 1 STORE (TAO) IN ACCUMULATOR (AQ) 
PUTAL 1 STORE (TAL) IN AC(AOs1) 
ENO) 1 END PUTD 


OPEPATION EXCEPTION (ILLEGAL OP CODE) 


OPEXi© BEGIN 
INTVECC2> © As) ISC © 02 
’ END: {ENO OPEK 


CHECK PRIVILEGED INSTRUCTION 


CKPRIV: BEGIN 
TF NOT ILOCK #> 
BEGIN 
If ASP¢19:16> EOL @ => 
(INTVEC<2> © Js TSC = 93 NEXT 
BAILOUT ICYCLE) 
ENO 
END: 'END CKPRIV 


CHECK INDIRECT ADDPESSING 


CKINOte BEGIN 
IF NOT MLO => 

(DECODE SPRISOI<17> => 

\e BEGIN 
INTVECCZ> © Js 1SC > 6B NEXT 
BASLOUT ICYCLE 
£NOI 

Ad CIF SPRISO}CIB> ©> IMS + 3) 


i 
ENO! {ENO CKIND 
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f UTILITY POUTIATS (PAGE 6) 
! PART TY GENERATOR 


PARITY: *HEGIN 

COUNT © Ji) 

Ta - a NT 

WIPLPi = BEGIN 
CIF TAOCO> ©) TO + (TO © 1940>) NEXT 
TAG © TAH TAR I 
COUNT » {COUNT RINUS 116518) NEXT 
{1 COUNT ©> HTPLP} 
£NO 

ENO) 'END PARITY 


| DEVELOP THE SHIFT COUNT PER FIGURE 23 IN UYK-? MANUAL 


SHIF TC) *BEGIN 
{DECODE M¢6:5) => 
\e0 COUNT + MK51@>) 
\et COUNT © MC5:@>: 
\10 BEGIN 
60 + 6 NEXT 
GETB NEXT ! INDEX REGISTER RETURNS IN *Tt8° 
COUNT « TBS) @> 
ENO: 
Mil BEGIN 
AQ + B NEXT 
GE TAG NEXT 
COUNT + 1A86518> 
two 
> WEXT 
SHCOUNT « (SHCOUNT ¢ COUNT)(3118> Ie 
ENO: {ENO SHIFTC 


| CHECK FLOATING POINT ERROR 
CKFPE:= BEGIN 


§O.0P 
ENO) {ENO CKFPE 
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TOINSTPUCTION ADDPESS GFNEPATION 
INGTAD: -AEGIN 
SH + PS AKT 
GES NEXT 1 AASE RECISTER PETUPNS IN “15° 
Hiek = (PD + TSICi716, HEKT 
CIF NOT MLO &> 
CIF CMTAR GIR (1S © SPRIPGSICISIO>}) #> 
INTVECK2> + ts 1 CLASS 11 INTEPPUPT) 
1SC » #16 NEXT ! INSTRUCTION LIMIT 


BAILOUT ICYCLE 


) 
€NDr 'END INSTAO 


{ PEAO INSTPUCTION 


READING BEGIN 


compar + @) | PRESET COMPARE FLAG 
WIFLAG © @) { RESET WRITE FLAG 
PEPLAC + Os | RESET REPLACE FLAG 
IFLAG > © NEXT 
C1F UPLOW => | HALF WORD INSTRUCTIONS 
UH] + ULO NEXT 
BAILOUT READIN 
) NEXT 
INSTAD WEXT 
DRI NEXT 
U + MIBR NEXT 
C1F NOT MLO => 
CLF NOT SPRIPB1<20> => 


INTVECCK2> © 2) { CLASS 11 INTERRUPT, 
TSC + WIS WERT ! INSTRUCTION EXECUTE 
BAILOUT ICYCLE 
) 
1 NEXT 
PO + (PO * 1961818 
ENO: {ENO READIN 


ay ee 


Page 15-1 


ie eae | 
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| OPT PAND RDOPLSS CALCULATION 


cern. = AERIN 


COR COOE IFLAG «) " ENDIPECT IN PROGPE SS? 
4 \@ fEGIN (NO, JUST A PT CR A BODPTES 
COC ODE CRPEL IG AND CPP TB NEG 61 ND PEPLAC? => 
GB + § 
SA > "6 
) WEXT 
BA > 6 NEXT 
Cites | JNDEX REGISTER RETURNS IN °TB® 
GETS NEXT | BASE REGISTER RETURNS IN °TS” 


TH) + ¥ + TBD NEXT 
TRL © (TH1<1516> + TBIC1B7)C1S10> NEXT 
moar + (TB1 + 18941718) 


ENO! 
Ni BFGIN 1 YES. INDIRECT. 
CIF CE @ => 1 *C* FIELD OF ICH 
BEGIN 
OECODE Ci => { *Ci° FIELO OF ICW 
\@ BEGIN 
$6 + A NEXT 
GETS WEXT =| BASE REGISTER RETURNS IN “15° 
1B1 + SY) 
MOAR + (SY * 15)¢151@> 
£NO: 
\t BEGIN 
BQ + B NEXT 
GETB NEXT =! INOEK REGISTER RETURNS IN °TB° 
S68 + TBS NEKT 
: CETS NEXT | BASE REGISTER REIURNS IN °T5° 
: TOi + SY + TBO WEXT 
TB] * (TO1C152@> + TB1C1G2)C1518> NEXT 
MOAP © (TBI + TSICE70@> 
: ENO 
3, 2) 
uM 
CIF C NEO 8 &> 
BEGIN 
88+ B 
CDECODE (PPFLAG AND (2PTB WEQ 6) AND REPLAC) => 
$8 + $1 
80 > W5 
> NEXT 
GETB) { INDEX REGISTER RETUCNS IN °TB® 
GETS WEXT 1 BASE REGISTER RETURNS IN °TS" 


TAL © Y « TBD WEXT 

TEL © (TBI<1510> 4 1BHS¢96>1<1510> NEXT 
MOAR + (TBI + 15161718 

ENO 


ENO! ‘END OF OPAD 


SSeS See aeeen roe ee 


wee ey, 
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{ OPFPAND AND CHAPECTEP ADOPLSS POUTINTS 


Mantis ALGIN 


(DECOOE Te> 

\@ OP iD) 1 WOT INDIPECT 

Nt REGIN ! INDIPECT 
UPAD NEXT { ADDRESS OF ICH 
MPO NEXT 
Vie AOBP NEXT ! 1CW 1D V REGISTER 
TFLAG » fe 
LASTAD + MOAR) ! SAVE ADDRESS FOR ICW UPDATE 
UBISY » VBISY NEXT 
OFADI 
ENO 


1 
ENO: ‘ENO OF OPA) 


CHAPAD! ©BEGIN 
IF CC1> AND (NOT PPFLAG) => 

BEGIN 

{DECODE (W GTP PUS) => 

Ne POS + (POS MINUS WIC41O>8 

Al BEGIN 
PIG + 632 MINUS W<4:@>7 
Uy oe (VY @ 99012189 
ENO 

vy 

UBISY + VBISY? 

MOAR] ~ ROAR: 

MOHR] + MOMR NEXT 

MOAR + LASTAD: 

MOBR + V NEXT 

HAO NEXT 

MOAR + MOARI) 

MOBR © HUBR! 

ENO 

ENO) {TNO OF CHARAD 


bea . : hci peat aiatr 


UTb?. ISPEX A TACANA eC 100 23 Feb-78 11:06 WOTSeCh ten Pase 18-1 
1 READ OF Roan 


PEADOP: TI GIN 
SIF NOT PPFLEG => TFLAG © 8) NEXT 
OPRD NE rt 
{OECOML IfLAG a> 
\BonPO: 
NJ HEGIN 
(OE COOE C<8> => 
\a hero, 


\i GEGIN 
ASK = @ NEXT 
MASK © MASK 1St1 WONERT 
MRO WEXT 
MOBR + MOAR SPB POS NEXT 
HORP + HOGR AND MASK NEXT 
CHARAG 
END 
) 
END 
’ 
ENO: 'END OF REROOP 


_ | WRITE OPE RAND * 
WICHAR) sBEGIN 
MASK © @ NENT 
MASK © MASK SLI W NEXT 
MASH «= MASK ¢SLC Pos Nex? 
MONP! + HOBRI 1SL@ POS NEXT 
MORR ~ (MOGR] AND HASKI OR (HOBR AND (WOT MASK) NEXT 
HMO NEXT 
CHAPAD 
€NN, 


WPITOP) eBCGIN 
CIF NOT PPFLAG ©> TFLAG » @) NEXT 
MOOR + MUbe NEXT { V1.6 
OPAD) WEX) 
WOBP + HORRI NEXT 1 Vi.6 
(DECODE TFLAG => 
POs 


(DECODE CCQ» od 
MeO: 


BEGIN 

ROBE © HOBR NEKT 
MRO NENT 

HTCHAR 

ENO) 


END) TEND OF WRITOP 


086 ee ae OEE oS ee UO Ca a 
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PEAD DOUHIE LENGTH ver AE 


PRADO. = REGIM 
Pi nwOP NEXT 
Mb) 31.A> - BORE, 
hope + (mhORP ¢ 1061718) MKT 
HPO WLXT 
101<63:392> + MOOR 
END) 1END READD 


PEAD FORMAT J UPL PAND (OPERAND ENOS UP IN TAZ) 
ROP MTT: ©HEGIN 

(IF ¥ NCQ @ => READOP) NEXT 

(DECOOE K «> 

IMMED:® BEGIN 
€ + B NEXT 
GET NEXT 1 JNDER REGISTER RETURNS IN “T° 
TAL + SY * 180 NEXT 
TAZ © CTBICIS1@> © THIC1699¢1516> MERT 
CHE VAZCIS> => 12631096) © 0577777) 
NO 

PHALF®: = DEGIN 
TAZ » WMOBRC1S1@> NEXT 
(IF TAZCIS> => TALI 3G) © #177777) 
ENor 

PHALF 1+ = BEGIN 
TAZ © BOBPC31116> NENT 
CHF TAZCIS) => TAZK3L1 86> © M177777) 
END) 

RFULL peTA2 © MORP: 

RBYTE@reTAZ © MOHPC71 81 


RAYTED e TAZ + MOBR<15:61 
RBYTEZ: TAZ © MOHR<231 16>) 
RBYTES e TAZ © MOORCIL124> 
) 

ENO) {ENO RDFMTI 


Ub 2 TSP OTC 00 Pee IU 180 23 -Feb- 7B 11106 WO1SeCPU- 190 


j WPITE FORMAT 7 OFL PsN (OPE DAND ENTERS IN 1A2) 


WIONFi® BEGIN 

If * WEQ @ &> 
APO NDT 
CNECODE & es 

NO. OP) 

WHALFO: MOBP CSO) © TAZ<151 829 
WHOLE Le @MOBPC310IB> © TA2<¢15:831 
WULL 1 =MOBP + TAZ: 
WBYTE@) =MOUP<718> © TARO: 
WHYTE S  eMCBRCIS18> © TA2¢71 Od) 
WOYTEZ) @MOUPC 23016) © TALK? 09 
WHYTE 3: =MOBPC31124) © TAZ<7:0>) NEXT 
hwo 

END) 


RPOATI« #BEGIN 'PLPLACE FORMAT I 
OPRO! NEXT 
{DECODE IFLAG =) 
WONT: 
(DECODE C<@> => 
4 WTONE! 
(MOBPI + TAZ» 
RO NEXKi 
WICHAR)) 
) 
ENO: {END WIFAT! 


WIFMTS ie BEGIN [WRITE FORMAT 1 
(IF NOT RPFLAG => IFLAG + @) NEXT 
RPFMT 
END: 


PUTBACK 1 *BEUIN 
CIF RPFLAG => 
(IF IFLAG AND (C EOL @) => IFLAG + @)) 
REPLAC + 
) 
ENDt 
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! CHiCh PEPRAT TEPMINITION 


! CHET POP PEST AT TE PA ENAT TDA 


ChPP Tie AEGTH 
He we NET 1 CNT 15 THB PEGI ZI 
GIO NEXT tL INDEX REGISTER PLTUPNS IN °T8° 
TB] + THD - | NEXT 1 DECREMENT COUNT (UNSIGNED) 
TED + (TBICIG@> ¢ WOICSEDICHS1O> NEXT 
PUIB NEXT ! $10RE (1B) IN INDEX REGISTER B(BO) 
CHE €3RD EQL @) OP (TBD EQL °FFFF1 => PPFLAG + @): 
1 TEPHINATE If & O 
AQ + B NEXT ! INCPEMENT OPEPAND 
CLIB NEXT 1 AODPESS INDEX REGISTER 
TB} + TBD * PPTSY WEXT 1 PER PAGE 54 OF 
1 THE AN/UYK-? HANUAL 
THD © (TBICIG> © 1B461510>)¢1518> KERT 
PUTB NEXT 
(DECOOE COMPAR ~> 
\O BEGIN 1 INSTPUCTION WAS NOT A COMPARE 
DECODE PPTA => ! TERMINATE DEPENDS ON SAT FIELD 
\e CIF NDT RCC<2> *> PPFLAG + 8) !weoe 
Nt CIF PCCC2> 2) RPFLAG + Qh) 1a 6 
\2. CIF PCCCLD ®> PPFLAG » 8) 1 GEQ @ 
\3 CIF NOT ROCCED => RPFLAG » 6) {tss 6 
\4NO.OP) 
NS UF WIFLAG => { JF WRITE 10 MEMORY 
(TAQ + MOBR NEXT ! AND IF EVEN PARITY, 
PARITY NEXT ! THEN TEPMINATE REPEAT 
{tf NOT T8 @> RPFIAG © 8)!)) 
NG CIF WIFLAG => { TF WRITE TO MEMORY 
(Tay © MOB NEXT ! AND IF OOM PARITY, 
PARITY NEXT { THEN TERMINATE REPEAT 
Clr Te ©) RPFLAG > @)))t 
\? NO.OP 
END) 
\l BEGIN 1 COMPARE INSTRUCTION BEING REPEATED 
OCCODE RPTA => ! TERMINATE IF 
\O CIF WOT CC¢2> *) RPFLAG « O)) | NTQ 6 
St OF CC%<2> => RPFLAG + O11 | EQ 
N22 CIF CCc211> EQL 1 ©> RPFLAG © Ob) | GIR 
\d CIF CC<t> => RPFLAG © 6)i | GEG 


t 
! 
' 
! 
\¢ CIF NOT CCCI => RPFLAG © @)) | LSS 
t 
t 
! 


NS CIF CC6211> NEQ 1 ©> RPFLAG © 6)) | LE 
\G CIF CC<a> => RPFLAG © @)) | OUTSIDE LIMITS 
\? (IF NUT CC<#> ©> RPFLAG + @) WITHIN LIMITS 
ENO 

) NEXT 


(IF NOT RPFLAG => ILOCK + @) : 
CIF (C EQL 4) AND TFLAG «> CHARND)) 
ENO} {END CKRPT 


Ur PPMP LPF fate l al POD T3-Feb- OB 1105 WOTSeCMU- 160 


TATE RUT bn EP 


TNYSC Tre GIN 
‘uF LOG + @: 
t1F PPT AG @> 
2PPL AG . & MOXT 
CIF C EQL 3 => CheWads: 
PO + (PO MINUS 21645185) NEKTIO 


JELAG + @ 
tND? 
INTie «=©6BEGIN 
CIF CINTUECCI> AND THOT CLRSLOCEDI) ©> 
ICSlie BEGIN 
INTSET NEXT 


CHP (ai4i) + ASPCLE:@> NEXT 
Cretai4.) + 1SC) 
CMP (e143) + Ba 
ASPCEB> © Us 
UPL Obl + @1 
ASRC84:G> © W771 
ASRC?> © fh 
ASP(G:@> + @ NEXT 
tOECODE POWLP => 
Ne (P & NOROIG)¢1976>) 
NOR<@> © 1) 
A} (Pe CHRIM140)619:6>9)5 
POWER » @: 
INTVECCI> © @ NEXT 
BAILOUT INT 
END 
) NEXT 


CIF CINTYEC<2> AND (NOT CLASLO<2>)) @> 

ICS2i¢ vEGIN 

INTSET NEXT 

CMRI M145) + ASRC15:0> NEXT 

CHPINI46) © 150) 

CePI«i47) « Pp 

ASPCIBD + At 

UPLOW + @: 

ASPC1319> » W375 

ASPK?> © La 

ASR<KB1O@)> © @ NEXT 


(DF CODE (AUTO. REC AND CISC CQL 2)) => 


\@ P+ CHR(H1 445019189) 


A) (NDRCH> © 1d 
(DECODE BOOTSTRAP => 

Poe NOPOI1IC191 004 
P+ NOPOIZ1¢191071 
Poe WORDI3)<19:61 
NO.0P)) 

Ms 

INTVECC2> «© @ WERT 

BAILOUT INT 

{NO 

) NEXT 


Pence 22-1 


Uh 2. ISPLs S7OC A eC A- 00 7d-¢eb-7B 11186 BDI SeCMU- 180 


7 INTER PURE HANOL FP (Pat 2) 


ICS3ie 


1CS4ie 


' Ciass Tt 


{TF CNTUPOO3> AND CNA LAGE OC3DD  @> 


BEGIN 
INTSET NEXT 
CreretSil « ASRCI5918> WEXT 
CHP e152) 6 ISCe 
Cr ei53) © Ps 
ASPCI?> © be 
UPLOW « a 
ASPCI219> = wh?a 
ASPC61G> © @ NEXT 
Poo CARI WISOICI91AD>> 
INTVECK3> © @ NEXT 
OA,.DUT INT 
END 

» NEXT 


{ CLASS IV 


{IF INTVECS4> => 
BEGIN 
INTSET NEXT 
CMPLaISS) © ASP<1918> NEXT 
CH2(0156) © I1SCs 
CHPimiS7) © PE 
ASRCIBD © 94 
UPL + 8s 
ASRC1119> © a7) 
RSPCE18> + @ NEXT 
Poe Crmiw154)C191671 
, INTVEGC4> © B NEXT 
BAILOUT IMT 
ENO 


} 
ENO) JEND INT 


Peqe 23-1 


Urb 7. 15PCR7 TCA @CMU- 1 RO 23-Feb-7278 111% WOrSeCMy- 180 Page 24-1 
YCONDITION CODE TESTING POUTINES 


' THESE POUTINES T6517 CONDEETON COMPS PUPING INSTRUCTION EXP CUTION. 
iu THE FOLLOWING POUTTNE St15 IME 2fPO @ND GREATER THAN OP E OURL 
t PLPO PEPE AT COMOITION COO B1TS tPLOC?11>) FOP STNGLE HOPD Ft PATIONS. 


CC2G:e BEGIN 
POCK2+1> = WOT TABCZI> NEXT 
CIF (TAO FOL 6) OR TTAG EGL ONESZ) => RECC211> © 93) 
ENO: 


! THE FOLLOWING POUTING SETS THE ZERO AND GREATER THAN OR EQUAL 
t ZERO PEPEAT CONDITION CODE BITS (RCCC211>) FOR COUBLE WORD OPERATIONS. 


CC2GD:= BEGIN 
RPCCC211> + NOT TOR6B3> NEXT 
CF (7108 EQL @) OR (1D@ EQL {NOT 866318>)) ©) 
RECC2r3> + m2) 


€NO! 
! THE FOLLOWING ROUTINES SET THE OVERFLOW CONDITION CODE 
‘ BIT JN ADDITION TO THE ZEPO AND GREATER THAN OF EQUAL 10 ZERO 
! BITS (RCC<2:1>). SIGN BIT COPRECTEO DURING OVERFLOM. 
! SINGLE WORD OPERATIONS: 


CCOZG:= BEGIN 
CCCa> + Os RECK2> © @ NEXT 
CIF (TAOCRL) EQ TAI<3E>) © 
CO<3> © (TANCIE> NEQ TACC3LD) NEXT 
TACCII> © TACCZL> KOR CCC3> 
) WEXT 
RCC<> + NOT TACC31> NEXT 
CHF (TACC3110> EQ ©) DR (TACCS110> EQL ONE3Z) @> 
RUCKZ01> © 03) 
ENO: 


! DOUBLE WORD OPERATIONS: 


CCOZGD: *BEGIN 
) CC<3> + @) REC<2> + 6 NEXT 
CF T0853) EGY TOI<G3> => 
CC<3> + (TDOCB3> NEO TDAC<63>) NEXT 
TDACCG3> * 1DAC<E3> XOR CC<3> 
) WERT 
RCCK1> » NOT TOACCE3) NEXT 
CIF (T0RC<6316> CQL ©) OR (TORCC6310> EOL (NOT 6<6316>)) o> 
RCCKZ11> © 83) 


ENO) 
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1 FORMAT T INS TOUICTION E¥ECUT ION 
{ NOTE. APL TRMETIC 15 32 BIT ONE'S COMPLEMENT WITH MOST 
! SIGNIFICANT BIT THE SIGN 


Rie { tonoO A 
BEGIN 
POAT) NEKT | OPEPAND RLIURNS IN °TA2" 
Tan © TAZ) 
AG > A NEXT 
PUIA® NEXT 1 STOPE (TAA) IN ACCUMULATOR (AQ) 
CC2G 
ENO: {END LA 


Lx@:= {| LORD A AND INDEX B 


BEGIN 

tA NEXT 1 USE *LA® INSTRUCTION 

80 + B NEXT 

GETA NEXT { INDEX REGISTER RETUPWS IN °TB° 


TB) + THD + J NEXT 

THD © CTBIC1S1O> * TH1C16>2C95:0> NEXT 

Puld : 1 GTORL (18) IN INDEX REGISTER <Be) 
END) TEND LXB 


LDIFie |! LOAD DIFFERENCE 


SEGIN 
SDrATE WEXT 1 OPERANOD RETURNS IN “TAZ® 
GETA NEXT 1 CACKAD) RETURNS IN "TAQ" 


TRO + NOT TAO NEXT 

TRC + TA2 ¢ Tae NEXT 

TAC » TACK3118> ¢ TACC3I2) NEXT 

TAL * TAZ NEXT 

CCO?G NEKT 

TAL + TACC3310> NEXT 

PUTAL 1 STORE (TAL) IN ACCAB+1) 
END) {ENO LDIF 


ANNALS | SUBTRACT & ° 
REGIN 
POFMT! NEXT | OPEPAND RETURNS IN “TAZ® 
GETA WEXT | (ACCA) RETURNS IN “TA? 
TAZ >» NOT TAZ NEXT 
ta} » Tags 
TAC » TAB 4 TAZ WEXT 
TAC » TACCAN1@> * TACCA2> WERT 
Ccogs NEXT 
TRO + TACCAL1G> NEXT 
PUTAQ 1) STORE (1A0) IN ACCUMULATOR {A8) 
ENO) JEND ANA 


oes 
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P FOPHAT TP INSTPUCTION EXECUTION (PAGE 2) 


PAL ' AD A 


REGIN 

PORT] WEXT 1 OPLRAND RETUPNS IN “TAc* 
GETA WEXT 1 (ACCA) RETURNS IN °1A8° 
TAL © TAZ 


Tat + Tad + TA2 NEXT 

TAC © TACCI1@> * TACCI2> NEXT 

CCO2G NEXT 

TRG » TACC3116> NEXT 

PUTAR { STORE (TAG) IN ACCUMULATOR <AG> 
ENO: TEND AA 


LSUMe» | LOO SUM 


BEGIN 
POFATE WEXT 1 OPERAND PETUPNS IN “TAZ” 
GEIA NEXT | (ACCAD) RETURNS IN “TAO? 


TRC © THO + TAZ WERT 

TAC © TACCHHG> ¢ TACC32> NEXT 

TAL + TAZ WEXT 

CCOZG NEXT 

TAL © TACCB110> WERT 

Putal U STORE (TAL) IN AC<Agei> 
NOI {ENO LSUN 


LNAr= = | LOAD NEGATIVE 
BEGIN 
ROFHTI NEXT 
RO e AL 
THO + NOT TAZ NEXT 
PUTAO NEXT 
cc2G 
END) {ENO LNA 


OPERAND RETURNS IN °TAZ* 


STORE (TAG) IN ACCUMULATOR {ADD 


Lhe 1 LOAD RAGNI TUDE 
BEGIN 
ROFMT] NEXT 1 OPERAND RETURNS IN °TAZ® 
pee A 
TAQ + TAZ NEXT 
{1F TAQC31> > TAB + NOT TAG) NEXT 


PUTRG NEXT 1! STORE (TAQ) IN ACCUMLATOR (AQ) 
CC2G 
ENO) {END LA 
LBie { Loo @ 
BEGIN 
POAT] NEXT | OPERANO RETURNS IN "TAZ’ 
BU > A NEXT 
GETB NEXT 1 INDEX REGISTER RETURNS IN "TR 
CIF A NCO 8 ©> TBD » TAZCIG1@>) NEXT 
PUTA 1. STORE (TB) JN INDEX REGISTER (80) 


tN: tCND LO 


UYE7. SPI M7 1ACABA 1 ACMU- 180 23-fab-78 11106 WO1SeC MU 180 Page 27-1 


1 FOPMAT ] INSTPUCTION CXFCUTION (PAGE 3) 


Ais 


AND 


BAe 


1 900 B 

BEGIN 

POR ATL NEXT 1 OF) PAN RETURNS IN “TAZ* 

BO > A NEXT f 

COTS WEXT { INOEX REGISTER PETURKS IM "Ta" 
CIF @ WEQ @ => 


JAC + TRO + TAZ NEXT !18D ZERO EXTENDED 

TBD © (TAC<3118> * TACK 92> 1615309 
) NEXT 
Puls 1 STORE (T6) IN IMOEX REGISTER {BU} 
ENN: {ENC AQ 


1 SUBTRACT 8 

BCGIN 

POFHTT NEXT { OPERAND RETURNS IN TAZ" 

BO > A NEXT 

GETH NEKT { INDEX REGISTER RETURNS IW °TB° 


(CIF A NEO @ ®> 
TAC » TBD ¢ (NOT TAZ) WEXT 
TBO © (1AK634110> © 1ACC32>269516> 
) NEXT 
PUTA 1 STORE (1B) IN INDEX REGISTER (Be) 
END: {ENT ANG 


| STORE B 

BEGIN 

BO + A NEXT 

GETE NEXT | INDEX PEGISTER RETURNS IN PT: 
TAZ + THO NEXT 

WIFATS 

NO) {END SB 


! STORE A 

BEGIN 

GETA NEXT | UACCAD) RETURNS IN STAG® 
TAZ + TRO NEXT 

WIFMTL NEXT \ REPLACE OPERAND FROM *TAZ® 
cc2zG 

END) {ENO SA 
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| FORMAT T INSTRUCTION EXECUTION (PAGE 4) 


SYHie 


SNArs 


SMe 


' STOPE fA AND INDEX B 


REGIN 

GA WE XT Je USE TOPE @ INSTRUCTION 

fa + AONEXT 

GETB NEXT { INDEK REGISTER PETUPNS IN "TB° 


TAI + TBD + 3 WERT 
TAD © (TBIC1510> ¢ 1B1¢916>)¢1518> NEXT 
PUTS | STORE (1B) IN INDEX REGISTER (Ba) 


ENO) YENO XB 


! STOPE NEGATIVE 
BrGIN 

GETA NEXT 

TAG © (NOT TAG) NEXT 
TA2 » TAQ NEXT 
WIFATE NEXT 

cl2G 
ENO; 


{ CACCAD) RETURNS IN ° TAD? 


| REPLACE OPERAND FROM °TAZ® 


TEND SNA 


1 STORE MAGNITUDE 

BEGIN 

GETA NEXT ! (ACCA) RETURNS IN °TAG® 
CIF TRACT) @> TRO © (NOT TAG)) NEXT 

TAZ + TAN NEXT 
WIFATE WEXT 
cceG 
tNO) 


! REPLACE OPERAND FROM STAZ® 
1ENO SM 


{ CLEAR BIT 

BEGIN 

READOP) 

MASK «= 1 NEXT 

HASK © HASK {SLA AK NEXT 
MASK = NOT MASK NEXT 
MOBR » HOBR AND MASK NEXT 
NWO NEXT 

TAQ) © MOBR NEXT 


cc2G 
ENO) tENO 82 


wee ee 
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UY 7, 1SPEX PTAC AN aC MU- 160 
{ FORMAT T INSTRUCTION EXECUTION (PAGE S? 


BSie ' SET BIT 
BEGIN 
PEADOPY 
Mab + § WERT 
mask » MASE 1SLO NEXT 
MOBR » MOBP OR HASK NEXT 
MWO NEXT 
TH) + MOOR NEXT 
ccz6 
ENO: {END BS 


PAte { PEPLACE ADD 
BEGIN 
ROFHTS NEXT 
GETA NEXT 
TAL + TAZ) 
TAC » TAZ ¢ TAO NEXT 


23-Feb-7686 11506 


W1SeCMU- 18D 


18 ACTION TAKEN WHEN AKON? 7 


1 OPERANO RCTUPNS IN “TAZ” 
1 (ACCA) RETURNS IN °TAG® 


TAC + TACCII18> + TAC (32> NEXT 


CCOPG NEXT 
TAZ + TACC3110> NEXT 
TAY © TAZ NEXT 


PUTBACK NEXT 
RPrATh { REPLACE OPERAND FROM °TAZ® 
PUTAS 1 STORE (TAL) IN AC{ASI) 


END: TEND RA 


Rite { REPLACE INCREMENT 
REGIN 
POFMT) NEX) 
TA@ © MI 
TAL + TA2t 
TAC © 182 © 3 WEXT 


| OPERAND RETURNS IN *TAZ® 


TAC + TACLII1O> © TACCB2> NEXT 


CCOZG NEXT 
TA? © TAPKALIG>s 
JAG © TACCAIO>) 


AR + A NEXT 
PUTBACK NEXT 
RPFATIi | REPLACE OPERANO FROM ‘TAz* 
PUTAS 1! STORE CTAB) IN ACCUMULATOR <Ae) 
END) TEND RI 
' 
A OR eee ee se, Tn ee OL at aN "emcee eemenegeene ems =o: - 
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| FORMAT | INSTPUICTION EXECUTION I PAGE 6) 


Pre " PEPL ACL SBT 2nCT 
ALGIN 
PIMATT NEXT | OPT PAND PE TUPNS IN °TAZ* 
GETA NEXT 1 {AC (A) PETUPNS IN ° TAO" 
TAQ + NOT TAB) 
TAL © TAZ: 
TAC + TAZ + TAG NERT 
TAC © THCCH11@> © TACCAZ> NEXT 
CCOZG NEKT 
TA2 + YACC311@) NENT 
TAY * TAZ NEXT 
PUIBOCK WENT 
. PPA Ia ! REPLACE OPERAND FROM °TAZ® 

é PUTA} } STORE (TAL) IN AC(ABOI) 

END: 1END RAN 


ROie |: PEPLACE DECPEMENT 
BEGIN 
POFHT! NEXT 1 DPEPAND RETUPNS IN *TAZ° 
TAM © INOT 163100991 
Tal + Taz) 
TAC » TAZ + TAQ NEXT 
TAC = TACCRI1@> © TACCIZ> NEXT 
CcozG NEXT 
TAZ » TACC311@>4 
Tae + TACCAL1e>) 


AG > A NEKT 

PUTBACK NEXT 

RPFATE { REPLACE OPERAND FROM "TAZ° 
PuTAe { STORE (TRO) IN ACCUMULATGR <AO) 


ENO? TEND RD 


UTR ?. ISPUX71 AC AND telMU- ben 23-Feb-78 11106 WO1SeCMU- 180 Page 31-1 


1! EOPMAT 1 INSTRUCTION EXECUTION (PALE 7) 


Hove ' MLATIPLY # 
ULGIN 
POEMTT NEXT {| QPEPAND PFTUPNS IN "TAZ" 
GLIA NEXT 1 (ACCAD? RETURNS IN * TAB” 


SIGN + {TA2¢31> XOR TAAC3I>) NEXT 

(3f TAZC3]> => TAZ =» (HOT TAZ))s 

CIF TAO<3]> ©> TAG + (NOT TAQ)) NERT 

TDA + TAZ # TAQ NEXT 

(IF SIGN => TOG + (NOT TO)) NEXT 

TAY + 1DNC631 325 

TAO © 1DACalO> NEXT 

PUTAL) | STORE (TAI) IN AC (AB+1) 
PUTAG NEXT { STORE (TRO) IN ACCURLLATOR (AG) 
cc2co 

ENO: {€ND 4 


D.ee { DIVIDE A 
BEGIN 
POFHT] WEXT 1 OPERAND RETURNS IN "TAZ® 
CIF (CVA2 EQL @) OR (TAZ EQL ONESZ) > =| STOP A ZERO DIVICE 
BEGIN : 
CO<3> © 4 NEXT 
> BAILOUT ICYCLE 
ENO 
) NEXT 
GETO NEXT 
SIGN + (TAICSL> XOR TA2<¢31>)5 
SIGH) © CTAIC31>) NEXT 
C1F SIGNS => TOO = (NOT TDO)d) 
CIF TAZ<3L> &> TAZ + (NUT TAZ)) NERT 
TAQ © (TOR / TAZ1C¢311@> NEXT 
TAL © (TOO MINUS (TAG @ TAZ) )Cd11O> NEXT 
CIF SIGN ®> TA@ + NOT TAG) 
C1F SIGN] => TAL « NOT TAL) NEXT 


PUTAL) 1 STORE (TAL) IN AC{AB+1) 
PUTAO! . ! STORE (1A®) IN ACCUMULATOR (AG) 
CceG) 


CO<3> » (1D8C63:31> NEO @) 
END: 1ENO O 


Cre PSP Eee uemacil 10D fa-fat 70 106 


| FORMAT T INSTRUCTION EXECUTION (PAGE @) 


WO1SwCHU-100 


Pega 32-1 


HCra 


Cxlee 


1 COMPRPE OFT TO 2€PO 

BEGIN 

cotmeaR - 1s 

PEADUPS 

nmsk = 1 NEXT 

Hash © MASK ISLE AR NEXT 

OUR + MOBP AND MASK NEXT. 
cO<2e1> » @ NEXT 

CIF (MOR EOL @) => COK2> © 1) 
ENO) {ENO BC 


! COMPARE INDEX INCREMENT 
BEGIN 
COMPAR + |) 
PORATY NEXT ! OPERANO RETURNS IN "TAZ® 
BO + A NEXT 
GETA NEXT 1 INDEX PEGISTER RETURNS IN °TB® 
CC<a> + @ NEXT 
(DECOOE CC TBD GIR TAZ2€15:0)) XOR (TBOCIE> NEQ TAZCIED)} 
OF (TBD EQ TAZ¢1518)) #9 
\a (Tal + THO + | NEXT 
TRD = (TOLCI5:@> + TRICIB>IC1516> Det 
M BEGIN 
CC<O> + Us 
Tap + 6 
END 
) NEXT 
PuTe 1 STORE (1B) IN INDEX REGISTER (Bd) 
END: {ENO CXS 


| COMPARE 

BEGIN 

COMPAR © 11 

ROFMTT NEXT 1 OPTRAND RETURNS IN °TAZ® 
CETAL 1 CACCA)) RETURNS IN °TAO* 
Ce<2ii> « 8 NEXT 

(IF TA@ EQL ONER2 => TA © BF 

CIF TAZ EQL ONESZ => TAZ © @) NEXT 

TSTR + (1AO TST TAC) NEXT 

CIF CTAQ631> MOR TAZCBID) wd TSTR © (2 - TSTRICI1O>) NEXT 
(DECODE TSTP «> 

\e h0.0P) 

i CCC2i1> © Bt 

\2 ce<d> « 4) 

\a NO. OF 


ENO! tENO C 


eas Se weeks eC eee aera ee 


er en ery 
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{ FORMAT T INSTPUCTION EXECUTION (PAGE 8) 


Clie 


Che 


CGr= 


' COMPAPE LIMITS 

BEGIN 

COMPAP = ft 

Cea. At 

GEO: 

RDFMT] NEXT { OPERAND PETUPNS IN *TAZ® 
CIF TAO EQL ONE32 &> TAG + Oh) 

(IF Tal EOL ONE3Z «> TAL » 811 

(IF 1A2 EQL ONES2 ©> TAZ © U1 NEXT 

LIF (TAG GIR 1AZ2) OR (TAZ GEO TAND) => CC<@> © 1) 
END: YEND CL 


! COMPARE MASKED 

BEGIN 

COMPAR © 13 

CO<2:1> © OF 

GEO) 

RDFMT] NEXT 1 OPERAND RETURNS IN “TAZ® 
(IF TAD EQL ONES2 ©> TAL © @)) 

TAZ + TAZ AND TAQ NEXT 

CIF TAZ COL ONES2Z @> TAZ © @) NEKT 

TSTR + CTAL TST TAZ) NEXT 

CIF (TALC31> NOR TAZCZLD) @> TBIR © (2 - TSTRICH@)) NEXT 
(DECODE TSTR => 


\e W0.0P) 

M cC<2:i> © 3s 
\2 CCct> » fs 
\4 WO. OP 


) 
ENO) {ENO CH 


1 COMPARE GATED 

BEGIN 

COMPAR © 1) 

CCc214> * Os 

GETD) 

POFMTT MEXT { OPERAND RETURNS IN “TAZ 
TAG + (TAZ + (NOT TAQ)? NEXT 

TAZ © (CYACCHI1@> ¢ TACC32>9¢9118) NEXT 

CEF TAZK31> &> TAZ © (NOT TAZ)) NERT 

CIP TAL EQL ONES2 => TAL © @) NEXT 

TSH + (TAZ TET TAL) NEXT 

CIF TALC3)> ©> TSTR & C2 = TSTRICE1OD) NEKI 
(DECODE ISTP ©) 


\e NO.OF) 

Ml CC<20d> + Ba 

\V2 Cecd> © fh ' 
\3 NO. OF 

) 

ENO: ENO CG 


eg ee — re ees EA GN NC OC Tee ay 


SORTS GST: Te era me “eee a 
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{ FORMAT T INSTRUCTION EXECUTION (PAGE 18) 


Cte 


‘ 


Cire 


Se eeiuinnemmeementedahtentanteatiiod 


' 1090 CHR TASK 


HIGIN 

CU REPLAG =) TOCR + att 

PONOOF WE xT 

(1) A GLO M6 => kK + BF MXT 

(DECOBDE A *> 

\a CRRIAK} + MOP: 

Mt CHR( AK) = MOBR<19) 8) 

N2 {COPPIV NEXT CHPIAK] + MOBRCI7:0>)) 
\3 NO. OP 

M4 WO. OP? 

\6 WO. OP) 

\G CCYPPTV NEXT CHP( AK) «© MOBRCI910>11 
ve CCEPPIV NEXT CHRIAK) © MOBR<22:0>) 
) NEXT 


CF PPFLAG 9> AR > (aK + 196510) 
ENDS {eNO LCT 


! LOAD CHP INTEPRUPT 


BLGIN 

CIF PPFLAG => ILOCK « 1)5 

CYPRIV NEXT 

PEADOP NEXT 

(DECODE A *> 

\8 CMPILCAK ¢ w100)¢616>] » MOAR: 

Al CRRICAK 4 W100)<610)1 © MOBRCI916>) 
\2 CARI (AK ¢ 6100)¢6185) © MOURKI7101 
\3 NO, OR) 

\4 CHPLCAK + #1@0)¢618>) © MOOP<19:63) 
\5 CHRITAK ¢ 0§08)<6:85) + MOBRC{S: 6: 
\6 CHPLIAK © 1O8)C61O>) © MORRC 20:05 
Vv CMRECAK + W§O8)(610)) + MOBR< 20:6 
) NEXT 


CIF RPFLAG => AK + CHK 19658) 
ENO; {ENO LC! 
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23-Feb-768 11106 WOtSal mU- 180 


{oP DERMAT LT OINSTPUCTION FOxTCUDION (PACE 99} 


DlLlie 


SClos 


' STORE CMR Tan 
HEGIN 
CUE PPELAG ©> MOCK. poe 
(1F A GEO WB o> K+ B) MEXT 
'DECODE A »> 
\8 MOAR « CHPL AKL 
M MOUP + CAPIAK]) 
Ve CCEPRIV WEXT HOUR © CHPLAK ID: 
\3 NO. OP: 
\4 NO.OF) 
\5 NO. OP; 
\G (CKPPIV WEXT MOBR «© CHRIAKIDD 
\? (CKPRIV NEXT MOBR © CrRIAKI} 
1 NEXT 
CIF (A S55 43) OR CA GIR W5) ad 
BEGIN 
OPAD) NEXT 
WO 
END 
) NEXT 
CIF PRFLAG => Ak + (AK 4 19¢5:8>) 
END tEND SCT 


1 STOPE CHR INTERRUPT 

BEGIN 

(1F RPFLAG e> ILOCK » fd) 

CVPPIV EXT 

OPRD! NEXT 

(IF A NEG #3 => 
HOWe + CHRICAK 4 9100)¢610>) MCXT 
ba) 

) NEXT 

(IF RPFLAG => AK + (Ak @ 1)¢51@>) 

fNO1 {ENO 5C} 
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UP PDEA LEE PEE ATL OO 22-7 eb 78 1b ab WO1Se"st- 180 Pews %-1 
S ruemaAd | INSTR. TION COU THLE 
entire BEEN 


CIF FO EM Joo 
CLO Fi a> 


LAs { 18 Long A 

Les "ai LOAD & AND INOCY B 
LOlFs 1 2 LOAD OLFFLRENCE 
ANAL 113 SUGTRACT A 

AA 1 44 AO0 A 

19Ums 11s (0A Sufi 

Le; 1 16 Lord We CATIVE 

(A 11? LOAD MAGNITUDE 


) 
uM 
(It FO EM 2 => 


(OCCOOK FIL 2) 
(81 ! 20 LOAD 8 
Ltn re | ADD B 
ANE ! 22 SURTPACT B 
SB: ! 23 STUPE B 
Sar 1 24 STORE A 
SxXB) 1 25 STog@E A CND INDEX B 
SNAD ! 26 STORE NEGATIVE 
sm I 2v STORE PAGNT TINE 


)- 


(ur Fe ER 3 => 


(MECOOE Fl «> 
OPEN: 1 30 
OPES 1 3t 
82s { a2 CLEAR BIT 
gs! t 33 Sey Bit 
Par 134 REPLACE AND 
Ria 13s PEPLACE INCREMENT 
RAND 1 36 REPLACE SUBTRACT 
RD 13? PEPLACE OECREMENT 

, 

” 
{IF FO ER 4 => 

CDECDOE Fi => 
Aas 149 MULTIPLY A 
Dei 144 DIVIDE A 
OC) {42 COMPARE BIT TO ZERO 
Cette 143 COMPARE INDDI INCREMENT 
tC. 144 COMPARE 
cu 145 COMPARE LIMITS 
ce 1 46 COMOARE MASKED 
cc 147 COHMPAPE GATED 


My 


UTh?. TSPEX? IDC NONALMU- 190 23-Feb-78 11:06 WO1SeCMU- 180 Page 37-} 
{FORMAT 1 INSTPLOTION LECOOL TAALE Teent inued? 


CIF F EQ wSa > Lot 

' 54 lint 7M Tate 
CIF F EG GS w> LODO 

155 LORO Cre INTE OMT 
CIF F £0 #56 8) SCT)» 

| SS STORE CMR TASK 
(IF F EQ mS? -> SCJ) 


1 §? STOPE CHR INTEPOUPT 
ENDI 'END FORMAT } 


ey Le Hees . @ . eG Sear aed 


UF 7, TSPUX7 LOC AN tel mU- 160 


{ FOPRAT 17 TNSTPUCTION EYE£CUTION 


OP te 


MS: 6 


XOR. 16 


SINCLUSTVE OF 

BEGIN 

CETas } CAC (AD) PETUPNS IN "TAQe 
PERGOP NEXT 

TAQ + THO OF HOGR NEXT 

PUTA® NEXT ! STORE (TAG) IN ACCUMULATOR <AQ) 
Cc26 

ENO { CNO OF OR. 


! SELECTIVE CLEAR 

OfGIN 

CETAL 1 (ACLA)) RETURNS IN * TABS 
PEROOP NEXT 

TAO + TAG AND (NOT MOOR) WEXT 

PUIA® NEXT 1 STORE (1A@) IN ACCUMULATOR (Ag) 
CCeG 

END) ‘ENO SC 


! SELECTIVE SUBSTITUTE 

BEGIN 

GETO 

READOP WEYT 

TAS + €CTA@ AND MOBR) OR (TA) AND (NOT TAG))) NEXT 
PUTAL NEXT 1 STORE (TAS) IN ACLABs> 
TA@ + TAL NEXT 

cceG 

ENO) {ENO WS 


! EXCLUSIVE OR 

BEGIN 

Grtas { (ACCAD) RETURNS IN "TAB? 
PEADOP NEXT 

TAG + TAB KOR MOBR NEKT 

PUTAG NEXT 1 STORE (1A6) IN ACCUMULATOR (Ae) 
ccea 

ENO) {ENO XOR 


Fe AONE T+ ST RO AC Dae“ Tree te peewee — 


23 Feb-78 11:86 WO1SeCHU- 160 Pexe 38-1 


oe as 


UYR?. TSP 1X77 0C AM eC - 100 23-Feb-78 11106 WO}SeCMU-180 Peye 39-1 
1 FOPAAT TT INSTPUCTION EYECUTION (PAGE 2) 


maPis ' ADO LOGICA PPOOUTI 
ALGIN 
Gh 108 
PEADOP NEXT 
THQ > HOBP AND TAQ NEXT 
TAC + TAl ¢ TAQ NEXT 
TAC + TACS3E@> © TACC32) NEXT 
CcozG WEXT 
TAL © 1AC43118> NEXT 
PUTAL 1 STORE (TAL) IN ne fAney) 
END) {END ALP 


LLPi= =| LOAD LOGICAL PROOUCT 
BEGIN 
Diath 1 (AC{A)) RETURNS IN “TRE® 
PEADOP NEXT 
TAQ + 1A AND MORP WERT 
PUTAD NEXT 1 STORE (TAO) IN ACCUMULATOR (AQ) 
CC2G 
END: {ENO LLP 


MLPre of SUBTPACT LOGICAL PRODUCT 
BEGIN 
GETDs 
PEADOP NEXT 
TAO + NOT (HOBP AND TAG) NEXT 
TAC © TAL ¢ TAB NEXT 
TAC + TACCIIIG> * TACCIZ> NEXT 
CCOZG NEXT 
TAL © TACCI110> NEXT 
PUTAL { STORE (TAL) IN ACCABORD 
ENO: TENO WLP 


a or maine: rote oy, 


Uy) 7, PSPUAE CAAA aC MU- 100 23-Feb-78 11:06 WOLSeCPR- 180 Pege 46-1 
f POPRMAT TT INSTPUCTION EXECUTION (PALE a) 


LOAN e § £0AD LOGICAL PRUDUCT NEAT 
OLGIN 
GETD) 
PLADUOP NEXT 
TAL + TAA AND HOBP NEXT 
PUTA] NEXT | STORE (TAL) IN ACCAR+I) 
TAQ + TAL WERT 
ccae 
ENOL 1END LLPN 


CNTr= =| COUNT ONES 
BEGIN 
GETA) ! UAC CK - TURNS IN ° TAGS 
REAODP NEXT 
TAB + 1 
COUNT © 32 NEXT 
CNILPi® BEGIN 
IF COUNT NEO 6 => 
BCGIN 
(IF MOBRKO> =) TAG + (TAO * $)69110>) NEXT 
MOBR » MOBR IRR 1) 
COUNT © (COUNT MINUS $)<510> NEXT 
CNTLP 


PUTA NEXT | STOPE (1A) IN ACCLAIULATOR 4A@> 
CC2G 
€NU! {ENO CAT 


XRewe { EXECUTE REMOTE 
BEGIN 
PE ADOP NEXT 
U > MOBR NEXT 
ExPF « J 
END: TEND XR 


wPLiw | EXECUTE REMOTE LOWER 
OrciN 
READOP NEXT 
UC31116> © MOBRCIE18) NEXT 
EXRF 6 A 
END) TEND XRL 


UYR?. ISPEX?TTACANG leCMU- 180 273-Feb-78 11106 WO1SeCMU-180 Pege 41-1 
1 FOPRAT TT INS EOC TION EXECUTION (PAGE 4) 


SLPie 1 STORE LOGICAL PRODUCT 


OLGIN 

GFTD 

PERDOP NEXT 

HOP + TAM AND TAI NEXT 
WPITOP NEXT 

TAQ + MOBP NEXT 

cc2G 


ENO {ENO SLP 


S5SUMi= | STOPE SUA 
BEGIN 
GLTO WORT 
TAC + 7A 4 TAL NEXT 
TAC » TACCHI1@> ¢ TACCIZ> NEXT 
CCO2G NEXT 
HOBR © TACC3118I1* 
TAL © TAC(31:0> NEXT 
WR} TOP) 
PUTA | STORE (TAL) IN ACCA 1? 
CNO) {END SSUM 


SDIFre | STORC CIFFERENCE 
BEGIN 
GETO NEXT 
, TAD + NOT TAO NEXT 
: TAC © TAL + TAG NEXT : 


TAC © TACKSI10) ¢ TACCS2> NEXT ¢ 
CCOZG NEXT 
+ TACCHNIOD: . 
TAL © TACCALI@) NEXT ; 
WP1TOP) : : 
PUTAL t STORE (TAL) IN ACCAs)) 


END) 1ENO SOIF 


as fa “ aca Za eS ee ee + A ne ery: 


et | 


UTE ?. ISPUXPLACARC lel M -160 23-Feb-78 11:06 WO1SeCMU-160 Page 42-1 
{ FoePmAT Tf INSTRUCTION EXECUTION (PAGE &) 


05. ‘ DNUHLE STORE @ 
BUGIN 
GETD NEAT 
Hone © Tan NEXT 
WRI TOP NEXT 
MOAR © (MON ¢ 1961756) NEXT 
HOBR » TAL NEXT 
MWO EXT 
Cc2G0 
END) TEND OS 


ROR+= 1 PEPLACE INCLUSIVE OR 


BEGIN 

OR, NEXT fm JUST LIKE AN °OR® 
MBP + TAG NEXT 

PUTBACK WEXT 

WR) TOP 

END: 1 END ROR 


RSCis =| REPLACE SELECTIVE CLEAR 
BEGIN 
SC NEKT lm JUST AN "Sc° 
MOBR » TAG NENT 
PUTBACK NEXT 
WP} TOP 
END: {ENO RSC 


RMGi= | PEPLACE SELECTIVE SUBSTITUTE 
BEGIN 
MB NEXT 1" JUST LIKE SELECTIVE 8UB 
MOBR » TAL NEXT 
PUTBACK NEXT 
WPL TOR 
ENO} TEND RMS 


e 

RKORi=® | PEPLACE EXCLUSIVE OR 
BEGIN 
XOR. NEXT 
MOBR + TAG NEXT 
PUTBACK NEXT 
WRI TOP 
ENO) {ENO RXOR 


seen see ae By - ne r . ate 


| 


UYN.7, ISPER71ACAO0 TeCHU- 100 23-feb-78 11106 WO) SeCMU- 180 


! POPMAT TT INSTRUCTION EXECUTION (PAGE 6) 


RALPie 


PLPie 


RNLPie 


TBF ys 


| PEPLATE A * LOGICM PRODUCT 

AEGIN 

me WERT I= JUST LIVE ALPS 
MORP + TAL NEXT 

PUTBACK NEXT 

WPI TOP 

END: !ENO PALP 


{ PEPLACE LOGICAL PROOUCT 

BEGIN 

LLPN NEXT 17 JUST LIKE °LLPN® 
MOBP = Th! NED; 

PUTAACK Niue 

WP170° 

ENO! JEN) PLP 


{ Plein€! @& < LOGICAL PRODUCT 

fEGIN 

LP NEXT te LIKE AN *NLP® 
MOOR >» TA} NEXT 

PUTBACK WEXT 

WRI TOP 

ENO) |ENO RNLP 


{1E51 AND SET FLAG 


BEGIN 
READUP NEXT 
(DECODE MOBR<31> »> 
\e BEGIN 
MOGR<31> + 1 NEXT 
HHOs 
CC<2> 6 
END: 
MI CCc2> 6 @ 


) 
END) YEND TSF 


wm 
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aes a 


Uh ?. 1SPEN7) 80008 TACHU- 10D 23-Feb-78 11106 


{ FORMAT TT TNS TPUCTION FXFCUTION (PAGE 7) 


Pie 


Date 


! DOUBLE LOAD A 
BEGIN 

Am. AL 

PEND NEXT 

10M + TDi NEXT 
PUTO? 

cctzco 

END: {ENO OL 


IDMUALE ADO A 

BEGIN 

GETO! 

PEADD NEXT 

TORC + TOO ¢ 1D) NEKT 

TOAC + TOACCB318> * TORCCG4> NEXT 
CCOZGD NEXT 

TOO + TDAC(6391@> NEKT 

PUTO 

ENO) {ENO On 


! DOUBLE SUBTRACT A 
BEGIN 

GED) 

PEADD NEXT 

101 + NOT 1D) NEXY 
TIDAL + TOO © TDL WERT 
TOAC + TOACKBd1 a> + TORCCE4) NEXT 
CCO2ZGO NEXT 

YOR © TOACKHI1O) MERT 
PUTD 

ENO: JEND DAN 


WOISeCM 180 


Pa Se Sen S cE NOR CONES 


Proe 44-1 


a SRL SAAT CONST RN ge NH Sea 
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| TuRMAT TT INSTPUCTION EXECUTION (PAGE Bt 


OC» 


LEMP 


, DOU COMPARE 

BEGIN 

COMPAR © 12 

GETDr 

PE HOD NCXT 

(UF TDO EGL DNEA2eONER2 © > 100 + @)! 

C1F TD) EQL DNT37@ONE32 ©> TDL + 6) MEAT 
CC<2rd> © @ NEXT 

TSTR © (IDO TST TDL) NEXT 

(MF (1D1¢632 AOR TDO<BI>) ©> TSIR © (2 = TS1P)C118>) NEXT 
(DECODE TSTR > 


\a WO. OF) 

M CCK2nt> © ab 
\2 CCK1> © Os 
\3 WO. OP 

) 

ENDS {END OC 


' L080 BASE AND MEMORY PROTECTION 
OLGIN 
BD ¢ B NENT 
GET NEXT { INDEX PEGISTER RETURNS IN °T8" 
TB} © ¥ 4 180 NEXT 
TOD + (TBIC1G0@> ¢ THICH6))¢1610> NEXT 
ttF TANCAD => 1 O00 ADDRESS --- ERROR 
BEGIN 
INTVEC“2> © 11 
18C + W2 NEXT TILLEGAL INSTRUCTION 
BAILOUT SCYCte 
END 
> NEXT 
{IF ASPC19;168> EQL 8 => 
BEGIN 
IF (NOT (ASRCB> AND (8 EOL 47) AND (A NEQ 47))) @> 
REGIN 
INIVECS2> © f) 
1GC © #9 NEXT (PRIVILEGED INSTRUCTION 
BAILOUT ICYCLE 
ENO 


END 
1 NEXT 
RENOOP WEKT 
RSTIAICI71@> © MOBRC1718> NEXT 
MOAR © (MOAR ¢ 3961710) NEXT 
MPO NEXT 
BPRIAIC 2010) + HOBRS2010)) 
SIPTAICIBIN7> & Sh 
SIPIA)CIB1@> © BD 
CND) {ENO LBAP 


RTO OE A Rn aermte nate ‘eh 


UYE?. [SPLX7TACARN }aCMU- 100 272-Feb-78 11106 WO1SeCMU- 180 Pane 46-1 


1 POPMAT 1] TNSTPUCTION EXECUTION (PAGE 9) 


MSIPTs© 1 ENITP EXECUTIVE STATE /INTEPPPOLESSOR INTERRUPT 


AELie 


PELre 


Lite 


die 


AEGIN 
TOE CODE CANTO @) #> 
Sem BEGIN 
HO + BONEXT 
CETA NEXT { INDEX REGISTER RETURNS IN °TB° 
TB) + SY + 10D WERT 
PSC > (TBICIS10> © 1BIC1B>)¢1816>7 
INTWE<4D > 4 


END! 
TPlie = CYPRIV) 
€ND} 1END XSIPI 


} ALLOW ENABLE INTERRUPT 

BEGIN !weNOT IMPLEMENTEDE® 
CKPRIV 

END) \END RET 


t PPFVENT ENABLE INTERRUPT 

BEGIN {meNOT IMPLEMENTEDSS 
CuPRIV 

ENO) {END PEI 


1LOAD 10C MONITOR CLOCK 

HEGIN 1eeNOT JMPLEMENTEDES 
No. OP 

END) ‘END LIA 


t INITIATE 170 

BEGIN 

PEADOP NEXT 

CHF A LEQ SB => TOCTACHI@>) © MOR) 
oy) JEND 10 


we etree ee ee 


DYE T.ISPEXPPOC COW CHU 100 °° 29-Feb- ae 11:06 WOISeCH)- 160 Vege 47-1 
{ POPRAT TY INSTRUCTION FXFCUTION (PAGE 16) 


Ree 1 OPNTERPPUPT PE TURN 

fb GIN 

{TF NSPE w> ICLASS I 
NDP COy 6 OE 
WIA 6 As 
ASP + CMPi mid) )¢19:O>7 
Poe CHRI 9143161910) WEXT 
HATLOUT ICVELE) NEXT 

{IF ASPCIAD => {CLASS I] 
NDP<T> © OF 
TFL.AG + @ 
ASR + CHR} 814S)<¢9918>) 
Poe CHPIA1471¢1910) NENT 
BAILOUT ICYCLE) NEXT 

(1F ASP<17> => HCLASS 312 
FLAG © Br 
ASR «+ CARI WIS1}¢191@>0 
Poo CMRI 6159161900) NEXT 
BAILOUT ICYCLE) NEXT 

{IF ASP<16> => ‘CLASS IV 
LAG © O: 
ASR + CMRI NIGSIC( S165) 
Poe CHR mIS7)C181@>) 

ENO! ‘ENO IR 


CPi es { REPEAT 
HEGIN 
RPPTA © A: 
rete 8) 
RPTEY » SY) 
BA + uw? NEXT 
GETS NENT 1! INDEX REGISTER RCTURNS IN “Te® 
CIF (TBD EOL @) OR {TBO COL SFFFF) => 
OFGIN 
Po + (PO 4 19¢1516) NEXT 
BAILOUT ICYCLE 
tND 
) NEXT 
RPFLAG © 1 NEXT 
PRADIN NEXT 
BAILOUT ICYCLE 
tnd) 1ENO RP 


1 ee OEE TU CORE SH he NR a OA 2 a: ce 2 StS Se prea meter ee -+ere — Se agE ets MRR necmencememeci Seetereem m= * 
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! TLOATING PUINT INST PULTIONS (NOT TMPLEMONTED IN THIS TSP) 


! GETS. PUTS. AND PEAS APE PEPE ORT TO GENE PATE DATA ACCESS 
! OND SPECIE IC ADDRESSING. NO FLOATING POINT COMPUTATION 
t 1h PEREOPRED. 


FAs 1 FLOATING-POINT ADO 
REGIN 
GE TDs 
PLADD NEXT 
TAC* TDI 6391 32>¢1010631392> NEXT 
TOO<B91 32> ~ CTACCILO> + TAC632>963118> NEXT 
PuTo 
ENO: {END FA 


FANI©® =| FLOATING-POINT SUBTRACT 
BEGIN 
GET) 
PLEAD NEXT 
TAC + TOA¢G3132> ¢ (NOT TO1<63:d2>) NEXT 
TON463182> = (TACCHI1O> © TACCEZ>I¢3116> NEXT 
PUTO 
€ND) 1ENO FAN 


Fite, ! FLOATING-POINT MULTIPLY 
REGIN 
GET 
PLADD NEXT 
SIGN © 100.83) XOP TDICH3> NEXT 
: CVF TOG6HI> ©) THGCH3132> © NOT 10063132) 4 , 
CIF YD9¢63> ©> TOM<G31a2> + NOT T0169; 82>) WEXT 
TOOCHIIAZ> © (( 100663192) © 101<63132>) tSRA 162<9116> NEXT 
CIP SIGN ©> TD@<GIiaZ> » NOT TOOCG91 32>) NEXT 


PUTD 
ENO! {ENO FH 
tdie ! FLOATING-POINT DIVIDE 
AEGIN ‘ 
GED: 
PEADD NEXT 


CIF C1N166919Z> EQ 9) OR (101663132) EQL ONESZ) &> 
BAILOUT FD) NEXT 
SIGN «+ 109¢63> KOR 1D1¢83> NE“T 
{1F TOO<63> @> TORCB3IZ> © NOT 100¢B9192>) > 
(IF TOI63SY > 101663132) © NOT 10161322) NEXT 
TDACB1AZ> © (OTDOCB313Z> @ BC1510>) / 101<63132>1<¢9118> NEXT 
CIF SIGN »> TO0CB83132> «© NOT 100¢69:32>) NEXT 
PUTD 
ENO: {ENO FD 


~ : ere me, = nee. comers 1 


Ub? IGPU INCA aC HU. LOD Z4 feb 7H 11006 WO] Sel MU -16D Pega 49-1 


1 CLOATING FUDNT ENSTPUCTIONS (NUT TAPLEMENTEO IN THES ISP) 
PARC ' ELOATING PUINT ROO WIT POUND 
HEGIN 
iemien 
PLAUD NE xT 


TAC* 1000631 92>¢101669132> NEXT 

TDACGI 32> «© (TACK311O> ¢ TACC392>143110> NEXT 
PUuTD 

END: TEND FAR 


TANR ie of FLOATING-POINT SUBTRACT WITH ROUND 
RFGIN 
crtor 
PRADU KE KT 
TAC + TOW 32> © (NOT 101¢69152>) NEXT 
TOACG9192> © CTACKI11O> + TACCI2>1¢3910> NEXT 
PUuTD 
END: SEND FANR 


FeRie =o! FLOATING-POINT MULTIPLY WITH ROUND ‘ 
AEGIN ” 
GETOs 
PADD WENT 
SIGN + 1D8¢B2> XOP TD1<63) NEXT 
(If TOOeBI> => INNES) » NOT 100691329) 2 
CIF TO1¢K3>2 @> TD4<G3132> » NOT 101<63132>) NEXT 
TOOCHS: 32> © (CTPOC63:39Z> w TO1¢631392>) 1570 16)¢3110> WEKT 
CIP SIGN => 1D0<63132> + NOT TORCES: 32>) NEXT 
PUTD 
tNO) {END FAR 


FORie of FLOATING-PUINT DIVIDE WITH ROUND 

BEGIN 

a GETO) 
READ NEXT 
CIF CVOUSA3192> EQ O) OR CTDICBII92> Eo ONESZ) &> 

BAILOUT FOR) WEXT 

SIGN + TOR¢G3> KOR 101<G3> NEXT 
CIF 100669» #> TOAKB3:aZ> © NOT THACHINIZ>) 1 
CTF 10)¢63> ©> 10)¢69)32> © NOT 1D1¢69132>) NEXT 
TDACGA: a2> + C(TDOKG31 392) # OC1bsA>) / TO16691a2>)¢9118) NEXT 
CIF SIGN => TOOcBa:1a2> » NOT TD0<631 92>) NEXT 
PUTO 
ENOs TEND FOR 
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TPCHMAT TS IMSTOUL TION OF CODE lap F 


PATI Toe PEGIH 
COM Fler? 2) 


metas rae 
OPLas nL | 
DPtxy 108 2 
OPENS 1! 3 
OPEX: ! BO ¢ 
OPEKs { ee § 
OPEN: 1 06 
OPexs ! ee? 
wot eto @ 
Str 1 O11 SELECTIVE CLEAR a 
Lacy {O12 SELECTIVE Sumsriture 
xXOP, 3 ! Of 3 EXCLUSIVE oR 
ALP: 1 @) 4 ADO LOGICAL PRDOUCT 
(LP) 1 615 LOAD I OGIcAaL FropucT 
MP, {816 SUBTPACT LOUICAL PEnOUCT 
LLPW 1 @1 7 LOAD LOGICA. PROoUTT ary: 
ChT: ! 62 8 COUNT ONES 
OPEN 1 623 
yPy 1 82 2 CKECUTE Remote 
¥PL 1 @2 3 CYCCUIE REMOTE LOWER 
SUP> 1824 STOPE LOGICAL PROOUCT 
SSUM '@25 STORE SUM 
SOIFs 102.6 S[OM DIFFERENCE 
os) 1027 DA Le STORE A 
POP) 1 038 PFPH STE INCLUSIVE OR 
PSC: { 03.10 f°. ACE SELECTIVE CLEAR 
rss 1032 PEPLACL SELEL.:.° SUBSTITUTE 
Fropy $933 PLPLACE excLurive QR 
PRP) £@3 4 REPLACE @*LOGICAL PROOUCT 
PUP, £038 REPLALE LOGICAL PRODUCT 
PALE) $036 REPLACE A-LOGICAL PRODUCT 
1S) 183.7 TEST AND SET FLAG 
OPEX: 1 a4 
ores !e44 
OPEN: 1 e642 
COEN) 1oqg 
OPEX) !e¢4 
OFR A) !@4s 
OPE x) 1 e446 
OPEX 1 O49? 
DL !@5 9 OOURLE Loa A 
OAL {@5 | OOURLE ADD a 
DAN: { @5 Z DOUBLE suuTRAct 
mw !@5 3) DOURLE COMPopE 
LBMP, ! 85 ¢ LoaD BASE AND 

1 MEMORY PROTECTION 


Uk ?. ISPEX OT ACA el: 10 


{ FOPRAT 11 INSTRUCTION CODE TABLE (CONTINUED) 


EAD) 


UPR 
OPoxs 
Hpi 
fre 
FAN 
Leary 
FO 
FAR: 


FANRE 
Frey 
FOR: 
XSIFL) 


AELs 
PET) 
LIM. 
10) 
TR) 
RP) 
OPEx 
{END FORKAT 


ae - 


! 
t 
! 
! 
' 
: 
, 
t 
t 
t 
! 
' 
' 
! 
! 
! 
' 
1 
{ 
{ 
1 
! 
t 
' 
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aww Dum 


WO SelMu- 160 Page Si-i 


FLOATING -FOINT Ae 
ELOATING-POINT MULTIPLY 
FLOATING-POINT SURTRALT 
FLOATING-POINT OFVIDE 
FLOATING-POINT ADD 

WITH POUND 
TLOATING-POINT SUBTRACH 
WITH POUND 
FLOATING-POINT MULTIPLY 
WITH POUND 
FLGITING-POINT DIVIDE 
WIT POUND 

ENTE! ‘ KECUTIVE STATE 
INTEPYPOCESSOR INI ERRUPT 
ALLOW CNABLE INTERRUPT 
PREVENT EROALC INTERRUPT 
LORO IOC MONITOR CLOC, 
INITIATE t4d 

INTERRUP) RETURN 

PEPCAT 


wee ey 


se 


UF? ISPLX?PTACANN) eC MU- 100 23-Feb-78 11:06 WO15eCAU- 180 Pose SZ) 
{ FOPMAT FI INSTRUC) TON LXE CUTION 


JEPis 1 JUN ON EVEN Pretty 
BEGIN 
OPADL 
GETO NEXT 
TAB + TAB AND TAL WEXT 
PARITY MEAT 

(IF WOT 1@ > P+ S@e@ TBI} 

NO: {ENO JEP 


JOPi= =| JUMP ON 000 PARITY 

BEGIN 

OPADI) 

GETD NEXT 

TRA + TAY AND TA) NEXT 

PARITY NEXT { CHECK PARITY 
(If 10 => P+ SO ® TBI) 

END: 'ENO JOP 


OJ2:= =| JUMP ON DOUBLE PRECISSION ZERO 
BEGIN 
GETD. 
OPAD] NEXT 
(IF (TOR EQ. @! OR {T0@ EQL ONE32MONEIZ) ©> P+ SB ew THI) 
ENO: TEND Due 


OJNZ:= | JUMP ON DOURLE PRECISION NOT ZEPn 
BEGIN 
GETO: 


OPAD! WEXT 
CIF CTO NEO 8) AND (TD® NEG ONES2@0NE37) => Po $8 @ TUL) 
ENO: {END DJN2 
‘ 
s 
‘ 
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PPOPHAT TED INSTRUCTION CXF CUTION (PAGE 2) 


JSPie 1 JUAP DN A POST TIVE 
HLGIN 
Gf tas 1 CAT CA) RETUPRS IN "TAR" 
GPa0l NEXT 
CIF NOT 180¢3)> OF (1H0¢321@> EQ “FFFF) ©> P > SB @ TB) 
NO: {END JP 
JNie ) JUMP ON A NEGATIVE 
BEGIN 
GETA: { (ACCA) RETURNS IK "TAQ" 
OPAD] NENT 


(IF TAOC33> AND (1A0¢311@2 NEG “FFFF) o> Po» SB ow TBI) 
END! {ERO JN 


JZum ! JUMP ON A ZERO 
BFSIN 
GETAL {| (ACCAD) RETURNS IN “TAB? 
OPAD! NEXT 
CHF (1a@ £QL 6) OR (TAS EQL ONE3Z2) => P > 56 @ TEL) 
ENO: {ENO J2 


JNZie =| JUMP OW A NOT 2ERO 
BEGIN 
GETAL 1 (ACAD) RETURNS IN °TRO® 
OPWDL NEXT 
CIF (TAA NCQ 6) AND (TAO NEQ ONESZ) => P+ SO @ TB) 
END: tEND JN2 


LBlie ! LOAD B AND JUMP 
BEGIN 
BO + As 
TO + P NEXT 
PUTB) 1 STORE (18) IN INDEX REGISTER (BO) 
OPAD) NEXT 
Ps S@ @ TH) 
END! TENO LBJ 


UYb 7. ESPL eT And JalnU- 180 23-feb-78 11606 WD1S@CHU- 190 Pene S4-1 


1 FORMAT LIT INSTRUCTION EXECUTION (PAGE 3) 


JBNZi» 


J5u= 


duis 


JNFis 


JOF is 


1 TNR JUMP & 
aE G1N 
RA + A OWEXT 
GEIB MF XT 1 INDEX PLGISTER FETUPNS IN °1B° 
{2F (TBD NEQ @) AND ETBD NEQ °FFFF) => 
BEGIN 


Tht © TBD - | NEXT 
TBO © (TBICIG:@> + TB1<9G5)¢1518> NEXT 
PUTB NEXT 
OPAD) NEXT 
Po» S@e TB! 
£NO 
) 
END) YENO JBNZ 


{ JUMP SYeB 

BEGIN 

BO + B NEXT 

GETB WEXT 1 INDEX REGISTER RETURNS IN °TB” 
1B1 + SY * TED NEXT 

PO + (TBICIbe@> © THICI62 C3518 

PS + TBS 

ENDT TEND JB 


! UNCONDITIONA JUMP LOWER 
BEGIN 

OPAD) NEXT 

Poo 68 © TRL NEXT 

READIN NERT 

UPLOW = Js 

EXPF eo 1 

END) TEND dL 


{ JUMP ON NO OVERFLOW 
BEGIN 
OUCODE CC<a> => 
\@ BEGIN 
OPADI NEXT 
Pe $B THI 
END: 
\i CCK3> + @ 
ENO) LENO JNF 


! JUMP ON OVERFLOW 
BEGIN 
DECDOL CC¢<3> => 
\O = WO.0P) 
\i BEGIN 
OPANL NEXT 
CC<a> + o1 
Pe $0 e 181 
t 


NO 
END) {END JOF 


A Fa SR ie ENR Gee TA ON HN UPR Bae ae CP MN i GO POD ES Re a PN Oe Le Ever era eS 


1 ene ee 


UYE?. TSPIX71 OC ANA) OCR 100 


Z23-Feb-7B 11106 


1 FOPMAT 313 INSTPUCTION EXECUTION (PAGE 4) 


JNELe 


JEie 


JGis 


JGEs= 


dLTre 


"sees 00. poems: REET | Semel hint 2 winning eet a 


1 JUMP ON NOT EQUAL 
HE GIN 
OFLODE CCK2> ey 
\@) REGIN 
OPADI NEXT 
P+ 50 @ TB 
ENO) 
\1 NO.OF 
fNO1 TEND UNE 


{ JUMP ON EQUAL 

BEGIN 

OECODE CC<2> => 

\@ NO.OF) 

Mi BEGIN 
OPAD! NEKT 
P+ She Tal 
ENO 

END) {END JE 


1 JUMP ON GREATER THAN 
BEGIN 
JF CUNOT COK2>) AND CEC1>) => 
BEGIN 
OPAD] NEXT 
P+ $0 @ TB! 
£NO 
END) 'END JG 


} JUMP ON GREATER THAN OR EQUAL 
BEGIN 
IF CCI) «> 
BEGIN 
OPADI NEXT 
Po 500 TB 
ENO 
END) TEND JGE 


1 JUMP DN LESS THAN 
BEGIN 
IF CC<211> EQ ® &> 
BEGIN 
OPAD) NEXT 
Pe $8 0 181 
END 
ENO: {ENO JLT 


WO) SeCMU-180 


EAB re eee 


Pase SS-i 


een 


Urh?. ISPEY?71 BCAA 1 aCHU- 100 


t FORMAT TIT INSTRUCTION EXPCUTION (PAGE &) 


thie 


UNH & 


Jide 


Roeb 


RIC» 


* JUMP ON LESS THAN OR £OUAL 
BF G1N 
HR CO¢Prt> MO dt => 
BrGIN 
OAD) NEXT 
P+ 50 © TB! 
END 
ENO) {END JLE 


{ JUMP OUTSIDE LIMITS 
AFGIN 
if CC“O> #> 
BEGIN 
OPADY NEXT 
P+ SO @ TBI 
€ND 
END) tENO JNH 


{ JUMP WITHIN LIMITS 
BEGIN 
IF NOT CCCA> @> 
BEGIN 
OPAD1 NEXT 
P+ S@ oe TB) 


END 
END: {END JW 


1 PETUPN Ie 
BEGIN 

OFAD) NEXT 

MOOR » P NEXT 

MC NEXT 

Pos 69 @ TO) NEXT 
PO e (PO + 191618) 


END: {END RJ 
{ RETURN JUMP 
BEGIN 


TF A EQL JUMPSH «> RU 
END) {END RIC 
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1 FORMAT TET INSTPUCTION EXECUTION (PAGE 6) 


PlSCi= | PETUPN JUP 
REGIN 
CrPBTU WERT 
RJ NEXT 
CIF A EQ 4 => STOP): 
CIF A EOL STOPSW ©> STOP) 
END} YENO RJSC 


Jes | MANUAL JUMP 
BEGIN 
DPROY MOXT 
Pe Soe TBI 
END} tENO J 


JCie | MANUAL JURP 
BEGIN 
If A EOL JUMPSW «> J 
iNDI TEND JC 


JSCre = t MANUAL JUMP 
REGIN 
CAPRIV NEXT 
J NEXT 
CIF A EQ 4 > STOP): 
CIF @ EQL STOPSH => STOP) 
END) {ENO JSC 


Urb 7. ESPEPLOCRAR Tel AU: 160 


(FOPMAT TED INSTRUCTION OF CODt TARE 


PAtLD De 0tGIN 


(HF Fy FO 8 => 


{DECONL FI => 
JEP) 
JOP; 
bu2Zi 


DJN2 


) 


(IF FL EOL 1 => 


(OLCODE £3 => 
JPs 
ana 
Ara) 
Ne 
) 


tir fF EQL 2 => 


oF) 


CDECODE 3 => 
lade 
JON: 

JS) 
Jt 


232-feh-78 


11,06 WD1SeCH)- 160 Page Sb-1 


66 8 JUTP ON EVEN PARITY 

bY 1 JUMP DN 00D PARITY 

66 2 JUMP DOUBLE PRECISION 
zero 

5@ 2 JUMP DOUBLE PRECISION 
WOT ZERO 


61 @ JUMP A POSITIVE 
61 1 JUMP A NEGATIVE 
fl 2 JUMP A ZERO 

61 3) JUMP A NOT 2ERO 


LURD 8 AND JUMP 

JNOLX JUMP B 

JUMP BY4B 

UXCONDI TIONAL JUMP LOWER 


ans 


ZESS 
uns @ 


oe wc emer 


ee ee 


TTR A OMES TO - ere eee 


UVP ?. JSP N71 AC HOO SCR 18D 


} FOPRAT TI) INSTPUCTION DL CODE TAIRE (PAGE o) 


cre FL im 3 «> 


) 
END) 


{OF CNOE F 4 > 


HEGIN 
CUP AEA Bd UNF: 
(lh AE 1 => Jord 
CIF A GEO 2 => OPER} 
ENO? 


73-Teb- 78 11106 


WO1SeCHU- 180 Pegs 55-1 


1538 
{JURE ON NO OVE RPL OW 
Sune ON UMLPT LOW 


BEGIN {$31 
DECODE A => { 
JNEG { As@ JUMP ON WOT EQUAL 
Jey ! Aas) JUMP ON EQUR 
JG? { As2 JUMP ON GPERTER THAN 
JE) { Ae3 JUMP ON GREATER THAN 
t OP EQUAL 
Jt { A=s4 JUMP ON LESS THAN 
JLE !AeS JUMP OW LESS THAN 
{ OP EQUAL 
JNM [ AeB JUMP OUTSIDE LIATTS 
did ! Ax? = JU WITHIN LIMITS 
END: 
ALGIN {$22 
DECODE A => 
Rui { AsQ RETURN JUMP 
RUC bam) RETURN JL 
RUC) | as2 RETURN JUMP 
RJC | Asa) PETUPH JUMP 
RJGC) | Ast RETURN JUMP 
RISC) | As& RETURN JUMP 
RJSC) | AsB RETURN JUMP 
RJSC ! A=? RETURN JUMP 
€—ND: {ENO OFCODE &3 2 
BEGIN 1833 
DECUOE A ®> 
Ji {An@ MANUAL UUM 
JGh {Al  KANUAL JUMP 
Je) { Ae? MANU JUMP 
Jes | Ax2) RANUAL JUMP 
J5G) { As4  HENUAL JUMP 
JBC) 1 As5 = MANUAL JUMP 
Jscr { As6 = MANUAL JUMP 
Jee { @=7 MANUAL JUMP 


END TEND OPCOOE a 9 


{END FORMAT It 
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{ FORMAT JY INSTRUCTION fox CUTTON 


HSCTIne | STOPE CMP IN A 
AEGIN 
(IF NOT T => !HSCT - TASY STATE 
HSChie ALLO 
Ani» By 
(PECUDE A «=> 
\Q) TAQ © CHRIARAIs 
Nf THO 6 CHPIARYINI5109) 
Nd CCLPRIY NEXT TAG 6 CARIAEA)D) 
\a NO. OP) 
\4 NO. OP) 
\6 NO. OP) 
\& CCrPRIV NEXT THO © CHR] a601)) 
\? {(CKPRIV NEXT TAO + CORI M7el) 


y NEXT 
PUTRO 1 STORE [1AG) IN ACCUMULATOR (AQ) 
END 

) 

(IF }e> HHSC] - INTERRUPT STATE 

MSClie REGIN 

CrPPIV NEXT 
Ag + B81 
(PECODE AR => é 
\@ TAR © CHRICARS ¢ W{OOICB O11 
Ni AG © CRRECAR4 ¢ 93001¢661071¢15189) 
\2@ TAQ © CHRILAR4 ¢@ #300166: 011 
\3 40. 0P) 
4 TAQ» CMRIIAF4 # W1Q0}C66ND)) 
NB TAG + CHRIMAR4 © W1R0)CB.O>}e 
NG TAQ + CRRIIATG ¢ WIOOIEI OD) 
\? TAO + CHPLIAF4 & 100)<810>) 
) NEXT 
PUTRO { STORE (1R@) IN ACCUMULATOR {AG? 
END 

Y NEXT 

cceG 


ENO: tLNO HECT 
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P PoPred TU INSTRUCTION EXECUTION (Prt 2) 


MmCTlie ' 1900 CAY FROM A 
BEGIN 
AW + WONT ET 
GETAQ NEXT 
CHF NOT J ©) {HLCT = TASK STATE 
HCTis BEGIN 
{DECODE A => 
NO CHPIATS) © TAO 
i Ni CMPI AFG) + TAQC1S:8>) 
N2. CCKPPIV NEXT CORIAR4) © 190¢17109)1 
\2) NO.OF) F 
\4 NO.OP: 
\S NO.OP) bg 
\6 (CKPRIV WEXT CAPT MBO} » TROCI9:BD)) 
\? (CKPRIV NEXT CHRIW7O) © TAOC22189) 


Va 
(IF ted tHLCL - INTERRUPT STATE 
HLClie BEGIN 
CRKPRIV NEXT 
(DECDOE A &> 
NO CMRI TAPS + w100)<616>) + TAQ) 
Af CRPLIAF4 4 #1N0)6610>) © 186015109) 
\2  CARIIAF4 4 W10D)¢61O>) © TROCLIAGD) 


\3) NO. 0P) 
\4 CMRI TARE ¢ 9100)¢616>) © TAQCIIG>) 
\B CMPITAF4 ¢ 41000¢610>) + TAOCIB1@>) 
NG CARI TAF4 + W100)66:6>) © TAOK2010>) 
\? CMRI CARS ¢ 9100)<616>) «© 1986288) 
) 
END ' 

Y NEXT 

ccz6 


END: {ENO HLCT 
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f POPAAT TY INSTRUCTION EXECUTION (PAGE 3) 


HWCie LoGHIET LEPT CHPCULAR 
HIGIN 
SHITE TC WENT 
GLIA NLKT { 1ACLAD) RETURNS IN “1AQ" 
Tey «© TAN tRL COUNT NEXT 
PUTA NENT | STORE (TAG) IN ACCUMULATOR (Ae) 
ccaG 
END» {END AC 


HOLCre =! SHIFT DOWOLE LEFT CIRCULAR 
ALGIN 
SHIF TC NEXT 
GLTD NEXT 
TON + TOO 1PL COUNT NEXT 
PUTD NEXT 
Cc260 

.* ENDS {END HOLC 


Were 1 SHIFT RIGHT FILL 2£R0S 


BEGIN 
SHIP TC NEXT 
GETA NEXT | CAC(AD) RETURNS IN "TAQ® 
TAQ «© TH 1SPO COUNT NEXT 
PUTAQ! 1 STORE (1A@) IN ACCUMULATOR (An) 
CceG 
ENO: {END HR2 
HORZ1= =! SHIFT RIGHT DOUBLE, FILL 2EROS 
BrGIN 
SHIFIC NEXT 
GETD NEXT 
TOO « TOO t5R@ COUNT NEXT 
PUTD? 
Cc2Gb 


END? {END HDR2 
HRSt=2 = | BHIFT RIGHT SIGN FILL 


BEGIN 

SHIFTC NEXT 

GETA NEXT | CACTAD) RETURNS IN *TAG* 

(OC COOE TARR) ®> 

\a Tag » TAG 1SRB COUN: ) 

Ml TAG + TRO H£R1 COUNT 

) NEXT 

PUTAB) t STORE (1h) IN ACCUMULATOR {A} 
cczG 


END) TEND HRS 


ee et se et ope Oa ae 
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TF POPRAT TV INSTRUCTION EXECUTION (PAGE 4) 


HOPS+s ' SHIFT PIGHT DOURLE. SIGN FILL 
GE GIN 
SHIF TC NEXT 
GUID NEXT 
(OLCOM TDR<63) => 
\e 100 + 108 +SR@ COUNT) 
M TDS > 108 tSRt COUNT 
y NENT 
PUTD! 
Cl260 
END ‘ENO HORS 


HSFis | SCALE FACiION 
BrGIN 
GETA NEXT 1 (ACCA)? RETURNS IN "TABS 
TAL © TAG NEXT 
CIF (1A1 EOL 8) OP CIAL EQL ONE3Z) &> 
BEGIN 
If A NEG Be 
BUGIN 
AN + 8 NENT 
TAQ + 437 NEXT 
PUTA 1 STORE (TAG) IN ACCUMULATOR <AG> 
ENO 
END . 
y 
CIF (TAL NEO 6) AND (TAL NEO ONERZ) => 
BEGIN 
COUNT + A NEKT 
HGF 10 °BEGIN 
IF (TALC3I> EQU TAICROD be 
(TAL © TAL SRL 4 WENT 
COUNT + (COUNT # 116518) NEXT 
HSF 1) 
END NEXT 
ad» A WNEXT 
TAG + TAL NEXT 
PUTAO NEXT { STORE (TAO) IN ACCUMULATOR <Ad) 
CIF ANEQ @ &> 
BEGIN 
An 6 B 
TAO + COUNT NEXT 
PUTRO 1 STORE (1A) IN ACCUMULATOR «Ae 
END 


Tet) © TAL NEXT 
CC2G 
ENO) {ENO HSF 


+06 evememaee OSes AR os et : ame 


SS ee 
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1 FOPRAT TU INSTRUCTION (°C CUTION (PAGE §) 


WO5F ee fF PO Bee Pec TOP 
{iF GIN 
na. AMET 
GETO NEG) 
CIF (100 EA 05 PF 1708 EGL DNEAZe0M 37) «> 
HEGIN 
IF A NEQ Be) 
BEGIN 
PO + B NEXT 
TAA + W727? NEXT 
PuTag { STOPE (Tag) IN RCCUPLLATOR (2g) 
ENO 
ENO 
Vs 
CIF CTDO NEQ @) GND (1D@ NCQ ONE 37@UNE32) &> 
BEGIN 
COUNT + @ NEXT 
HOSF 10 @BIGIN 
TF (TOR<63> EQU TOACB2)) => 
BEGIN 
TOO + TOO TRL 1 NEXT 
COUNT + (COUNT ¢ 1)¢5:@> NEXT 


AGB + A NEXT 
PUTD NEXT 
CIF (A NEO B) AND (1A * 1) NEO B&D) @d 
BEGIN 
OH + BS 
Teas + COUNT NEXT 
PUI AS 1 STORE ‘TAB) IN ACCUMULATOR (AO) 


[certo 
ENO: TEND HOSE 


HOP ye ' COMPLEMENT A 


BEGIN 

GETA NEXT | CACCA)) RETURNS IN "TAQ? 

TAQ + NOT TAB NEKT 

PUTAG NE¥T 1 STOPE (TAG) Tit ACCUMULATOR Ae) 
Ctc2G 


ENO) 1END HOP 


ste ecm ane ae Ee et ee me ne 


| eee nnn 


UY? PSP AC AAA Tee ME 10D P3-feb-78 11:06 WD1SeCAU-100 


1 formar iv 


HDCP 


Has 


Cee ae) same - 


INSTPUCTION EXECUTION (PAGE 61 


ye) ROUBLE COMPLERENT A 
BEGIN 
E10 NEXT 
YOR + NOT TOD NEXT 
PUTD NEXT 
Cc26 
END) {ENO Hoce 


e =| LOGICAL SUR 
BEGIN 
AO + B NEXT 
GETRO NEXT 
TA! © TAQ WEXT 
GETA NEXT 1! (RECA) RETURNS IW *TAG® 
TAR + 1A0 OR TAL NEXT 


Peve 65-1 


PUTHO NEXT | STORE (1A@) IN ACCUMULATOR {Aad 


cco 
END: {END HOR 


! SUM 

BEGIN 

A@ > B NEXT 

GETA® WEXT 

TAY « TAO NEXT 

GETA NEXT | (TACCIAY) RETURNS IN °TABS 
TAC + (TAG © TAL) NEXT 

TAC + TACHI) + TACC32> NEXT 

CCO2G NEXT 

TAB © TACCII18> NEXT 


PUIRO | STORE (1A8) IN ACCUMULATOR (Ae) 


ENO: {ENO HA 


» 
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1 FOPRAT TV INSISUCTION (YECUTION (PAGE 7) 


VAN 1 ' DIFFERENCE 
BEGIN 
AO» B NLAT 
GE TA AE T 
TH) +» NOD THO NEXT 

ry GETA NEXT { CACCAD) RETUPNS IN "TAB 

TAC © (Tah « TAL) NEXT 
TAC & TACCEII@> ¢ TACC3Z> NEXT 
CCOZG NEXT 
TAG © TACCS118> NEXT 
PUTRO 1 STOPE (TAB) IN ACCUMLLATOR (n@) 
END: TEND HAN 


HXORte =| LOGICAL OIFFEPLNCE 
OCGIN 
AA > 8 NEXT 
GETAN NEXT 
TAL © TAD NEXT 


CETA WERT 1 TRCCAD) RETURNS IN °TAO® 

TAR + TAB XOR TA) NEXT 

PUTAD NEXT | STORE (10) IN ACCUMULATOR {Ae 
cceo 


ENO: 1ENO HXOR 


HAND i= =| AND 
BEGIN 
Ag + B NEXT 
GETA® NEXT 
TAL © TAG NEXT 
GETA NEXT | (ACCA)? RETURNS IN ‘TAO* 
TAG + TAQ AND TAL NEXT 


PUTA® NEXT { STORE (TAO) IN ACCUMULATOR (AQ) 
© cleat 


END! {END HAND 


Cane Cae 


UYh?. ISPLY FL NC AN ) eCHU- 190 22 Feb-78 11:06 WO1SeCMU- 100 Pege 67-1 


1 POPMAT TY INSTPUCTION EXfCUTION (PACS @) 


Ais ! MATIPLY REGISTER 
BF GIN 
AN > H ONEXT 
GE TAN NEXT 
Tad = TRO NEXT 
GETA NEXT { (ACCA)) RETURNS IN "TRAe" 
SIGN + (TAZC31> YOR TRACSI>) MENT 
(IF TAZ<31> ©) TA2 © (NOT TAZIDD 
(IF TAAC31> ©> TRG» (NOT TAG)? NEXT 
TDO + TAZ ® TAO NEXT 
(1F SIGN => TD® + (NOT TD8)) NEXT 
TAL + 100663: 32>) 
TAO + TOOC311@> NEXT 
PUTALS | STORE (TAI) IN AL(ADS)> 
PUTAS NEXT | STORE (TAG) IN ACCUMULATOR <(RO) 
Cc2co 2 
END) {END HA 


HOi» ! DIVIDE REGISTER 

BLGIN 

Ad + B NEXT 

GETAG NEXT 

(IF (1A@ EOL @) OF (TRO EOL ONER2) => 
CC<3> » $ NEXT 
BAILOUT ICYCLE 

) NEXT 

TAZ » TAO NEXT 

GCETO NEXT 

SIGN © (TAIC31> KOR TAZCHID DE 

SIGN + (TAY<31>) NEXT 

TOO + (TALeTAg) NEXT 

(IF SIGNS »> Tod © (NOT 100)); 

CIF TAZ<31> => TAZ © (NOT TAZ)) NEXT 

TAO + (108 / TAZ2)¢3118> NEXT 

TAC + (1D8 MINUS (TAG © TA2))C3110> NEXT 

TAL © CTACCIL1O> + 1ACC32>)C9118> NEXT 

(IF SIGN ©> TAB © (NOT TAO))) 

(IF SIGNI »> TAL » (NOT Tal)) NEXT 


PUTAL! { STOPE (TAL) IN ACCABO1>D 
PUTAG) { STORE (1A@) IN ACCUMULATOR <A@) 
cC2G) 


CC<3> © (100¢63191> NEO @) 
END: tEND HO 


Far ae 0a. ARG I SRO IR ‘ a. 


Uv? ISPLXA2@LANATeLMU 100 22 Feb-78 11:06 WO1SeCMU- 100 Peace 68-1 


| FOPRAT IV INSTRUCTION EXECUTION (PAGE $1 


HPT ' SyuAPE PoOT 
HE GIN 
Cocedid> » Os 
GETD NEW 
(IF YOR<B3> «> CCOK3> © § NEXT BAILOUT ICYCLE) NEXT 
TDAC « 1D0 NEXT 
IDO + Os 
1D1 + OF 
1D2 + O NEXT 
TDQc6Z> = J) 
TO2<63> + tt 
COUNT + 32 NEXT 
HRTILPa= BEGIN 
It COUNT ®)> 
BEGIN 
{JF TORC GEQ (108 ¢ 1012¢B91@> => 
TOAC © (TDAC MINUS (1D@ + 10119<6316> NEXT 
YO) + (IDI * 3021¢6318> 
> NEXT 
TOO + TOO 1SR@ 2) 
TOL + TOL t5PO |) 
TO2? «= TO2 1SPO 2) 
COUNT + (COUNT MINUS 1)¢5:6> NEXT 
HPTLP 
«NO 
ENO WONT 
"AB * Bs 
TOH<3118> © 101631180) 
100<63:132> + TOAC<31:6) NEXT 
PUTD NEXT 
CIF T0AC6G3132> => CC<a> © 18 
{IF (TO EOL @) OR (TOO ECL ONES2e0NE32Z) => 
RECC211> © 3) 
ENO) {ENO HRT 
MLB:e =| LOAD BA WITH B8 
BEGIN 
IF A NEG @ e) 
80 + B NEXT 
GETB NEXT { INDEX REGISTER RETURNS IN °TB° 
TAO + 18 NEXT 
BO + A NEXT 
GETE NEXT 
TBO + TABC1510> NEXT 
‘ PUTB | STORE (TM) JN INDEX REGISTER (80> 
ENO: 1ENO HL8 
6 
Ce a at ee ae] * Mine peewee 


iat ata of 
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| FORMAT IV INSTRUCTION EXECUTION (PAGE 10) 


HC ie ' COMPAPE. PECISTERP 
HEGIN 
COnPAP + 11 
AO « A ONEMT 
CEtAG NEXT 
YAL + TRO MEXT 
SETA NEXT 1 CAC{A}) RETURNS IN "TAB" 
¢1F TAB EQL ONEIZ «> THB © BO) 
CTF VAL EQL ONEIZ ©> TAL © 82) 
CO¢K2:1> © @ NEXT 
TSTR + (TAB TST TAS) NEXT 
CIF CTAOCI)> MOR TAICSID) ©> TETR © (2 + TSTRIC16O2) WENT 
(DECOOE TSTR «> 


\e NO.OP; 
Ml CC<2sh> » 2) 
\2 CC<i> © fi 
\3 NO.OF) 
tno) TEND HE 
HCLre «=! COMPARE LIMITS. REGISTER 
BEGIN 
COMPAR « J) 


AO + B NEXT GETAG NEXT 

TAZ + TAO NEXT 

GETD NEXT 

(IF TAQ EQL ONES2 => TAO + Oi 

(IF TA) EQ. ONE32 => Tal © 8): 

(IF TAZ EQ. ONES2 ©> TAZ © B)s 

COA) «© @ NEXT 

{1f (TAZ GEO TAL) OR (TAO GTR TAZ) &> CFKO> » 4) 
END) {ENO HCL 


HCMis =! COMPAPE MASKED, REGISTER 
BEGIN 
COMPAR ¢ 1) 
AG ¢ B NEXT 
GETAB NEXT 
TAZ + TAG NEXT 

; GETD NEXT 

TAL » TAL AND Tad NEXT 
(IF TAZ EQL ONE32 «> TAZ » B)s 
(1F TAL EQL CNE3Z ©> TAL » Os 
CCCP19> © 8 NEXT 
TSTR » CTAL TST TAZ) NEXT 
(TF CTALCILD KOR TAZCBID) ©> TSIM © (2 = TETRICH1O>) NEXT 
{DECODE TSTR @> 


\9 NO, OP 1 

Ml CO<211> © Be 
\2 CCCd> > $0 
\a WO. DP) 


ENO! tEWO MCM 


Ot ee ee Sema s 
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{ FORMAT IV TNSTPUCTION EXECUTION (PAGE 11) 


HCAs 


HSIMi © 


sth = 


HPlie 


HAlie 


HALT 


Hed Die 


a i OO be 


' COMPHPE BA WITH Ba 

BEGIN 

COMPAP = 11 

BO + 8 NEXT 

GEIB NEXT | INDEX REGISTER RETURNS IN "TE* 
TAC + 1B NEXT . 

AQ + A NEXT 

GETH NEXT { INOCX REGISTER RETURNS IN "TB" 
(IF TAO.1S:@> EQ SFFFF «> TAN © @)) 

(IF TEDC1S:0> EQ SFFFF «> 18D > 6) NEXT 

TSTP » (1AeK1510> TST TED<IS10>) NEXT 

(1F TAO<I5> XOR TROIS) © > TSTR © (2 - TSTRDCH1O>) WERT 
(DECOOE TSTR => 


\e CO<c21s> + Ot 
Mt COd21}>e 371 
\2 Ceczitde 3 
\3 C{c2it> + @) 


END: {END HC8 


! STORE LOC MONITOR CLOCK INA 
BEGIN {eeNOT IMPLEMENTEDOR 


END: 1ENO MSIF 


! STOPE PEAL-TIME CLOCK IN A 
BEGIN {woNOT JMPLEMENTEDSS 


eNO: {ENO HSIC 


{ PREVENT CLASS IIE INTERRUPTS 
fEGIN 

CHPRIV NEXT 

CLASLO<|> © 1 

ENO) {END HP? 


| ALLOW CLASS 153 INTERRUPTS 
BEGIN 

CkKPRIV WEXT 

CLASLOC3> + @ 

END: YEND Hal 


{ STOP PROCESSOR 
BEGIN 
s10P 
ENO: YEND HALT 


1 WATT FOR INTERRUPT 

REGIN 

HWLAG © | NEXT 

HWMFLPre BEGIN 
INT NEXT 
(IF HWFLAG => HWFLP) 
ND 

END) {ENO HW 


UY! 2. PSPLX7LACARN |aCMU- 1BO Z3-Feb-78 11:86 WO15eCMU-180 Pega 71-1 
t TOPMAT JV INSTPUCTION DECOOL TABLE 
PATIVi» DEGIN 


UPL DW = NOT UPL Oi 
dlp FOTaA & 


ELGIN 
OECODE Fi => 
SCT) ! &6 HSCT IF t28. 
' HSC1 IF tel 
WOT { 61 Cl IF f=6. 
{ HOCL OIF Jet 
MCE ! B2 SHIFT LEFT CIRCULARLY 
MOLE: 1 63 SHIFT LEFY CIRCULARLY 
{ COUBLE 
MR2) 1 64 SHIFT RIGHT FILL ZEROS 
HOR? + 1 64 SHIFT RIGHT OOUDLE, 
! FILL 2EROS 
HHS) {66 SHIFT RIGHT FILL SIGN 
HORS (6? SHIFT RIGHT DOUBLE, 
{ FILL SIGN 
END 1ENO OPCODE 6x 
” 
CIF FO EQ 7 => 
{DECODE FieF2 => 
HOF) | 70.0 SCALE FACTOR 
HDSFs 1 701 DOUALE SCALE FACTOR 
HOP) ! 28 2 COMPLEMENT A 
HDCP 1 1 78 3 OQUBLE COMPLETENT A 
OPEK 1704 
OPEX) | 705 
OPEX) ! 706 
OPEN! {707 
HOR 171.6 LOGICAL SUM 
HAS 1713 SUM 
HAN? 1 712 OF FERENCE 
HKOR?: 171 3 LOGICAL OLFFERENCE 
OPE Ks 1714 
HAND 171 5 AND 
OVEN: 1716 
OPE Ki 171? 
OPEX) 1720 
OPEx) 1721 
GPEX: !v22 
OPEX) {72a 
OPEX) 1224 
OPEX: {725 
OPEX) 1726 
CPt: 172? 
OPEN) {738 
OPEX t7at 
1732 


| OPEX: 


— 


‘a! ‘ii SNe i i aia SN cas citagls: 5 see Se pee 


UTR ?.1SPUX7 1 ACen BAU 100 


23-Feb-78 11:06 


1 FOPRAT JV INSTRUCTION CE CODE TABLE (PAGE 2) 


OPT ks 
OPENS 
OPEN 
OPEK) 
OPE Ks 
HA 

HO: 

HRT 
HL! 
HC) 

He 
HCA: 
CB? 
OPEX) 
OPEX) 
OPEX) 
OPE) 
OPEX: 
OPEX: 
OPEN) 
OPEX: 
OPEX) 
OPEX) 
OPEK) 
OPER: 
OPEX: 
OPEX) 
OPEX) 
OPEX: 
HSIh 


HSTC) 


OPEN: 
OPEX) 
HPI) 
HAT: 
(DECODE 
HALT 
HF I 
M 
OPEX 


Pe) 
‘ | 


) 
END) + JENO FORMAT 1V 


4 de hom: Anes Se RRR he -,  taieinbl an athe = 


AAKARCHAKHHKAAAAH VY 2 
wewn- oun ew 


ONDA Aw DusHi Kawase Ou 


N 
~ 


wt1 SeCMU-160 Page 72-1 


PRA TIPLY REGICTER 

DIVIDE REGISTER 

SQUARE ROOT 

LOAD BIA) WITH B(B) 
COMPARE REGISTER 

COMPARE LIMITS, REGISTER 
COMPARE MASKED, REGISTER 
COMPARE BIB) WITH BAD 


STORE 10C MONITOR 
CLOCK INA 

STORE REAL-TIME CLOCK 
INA 


ALLOW CLASS ITI INTERRUPT 


STOP PROCESSOR 
WALT FOR INTERRUPT 


UIT. PSP Oe TACO LACM 180 
LOTASTRUCT ICN & Xf CUTTON 


VEMECim RUGIN 


73-Febh-78 11:06 


WO1SeCAU- 180 


CTE UPUOW «2 CEATTU NEXT BAILOUT ICTCLE DD NET 


e cor CODD FO #> 
MWA ATED 
NEOOFATI) 

\2 FAT 
Na Fath 
\4. FATE 
\S EGIN 


(IF FL LEQ #3 > FATIIID 
(IF Fi GEO #4 #> FMTI) 


END) 
\G FAY: 
\? FMTIV 
) 


END: HENO JEKEC 


| UNSTPUCTION CYCLE 


ICVCLE 1 =AEGIN 


{3 NOT RPFLAG ©> READIN) NEXT 


TEXEC WEXT 


(IF RPFLAG => CKRPT) NEXT 


(IF EXRF #> CIEXEC NEXT EXRF © 8)) 


END 


CRALCED !END OF DECLARATIONS 


| HAIN EXECUTABLE PROGPAH 


PUN+= = BEGIN 
.* TF NOT STOPBIT ed 
ICYCLE WEXT 
CIF NOT ILOCK > INT) WERT 
RUN 
END {END OF RUN LOOP 


| £ND OF AN/UYK-? 
) 
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3. AN/GYK-12 ISPL Description 


CYP IZ. ISPERALOC ANA TeCMU- 100 23-Teb-78 11:30 WO1S@eCHU- 160 Pege 1-1 


Gr i2zte 
TDECL APE 


Yo oThie TOPE deseriptian based on the following publications 
{ aN/GYb-12 Computer Petneinles of Operation Manual 
! Programming Support Systea MLitton Oute Systems) 
! 29 Ruauet 197? 
! USACSCS-1F-4-3 
’ 
HACPD BFGINes ( Ss 
MACPO END t*# ) 8 
ANCHO PLUS s* AINUS (MINUS 8 {This ts 2's comp. additian 
HACPO PLEN te ) 6 \this should consider es blank 


HACPD Mavn pe 9276? $ = The architecture supports 33.554,432 words, 
KiCPO Mneh i 65535 8 lor 67,108,864 ha) fenr de 
MACRO Marb 19131071 8 Yor 1,u°9, 241,824 bytes, 


INote the follawing! 

{ Pechilectuce releted ver lebles apperered in upper case 
{ thre ouphout the 1S5PL description, as compere with 

\ Implementation related verlebles ere in jouer case, 


[Primary memory (organized in 16K pages of 2K of 32 bit words) 


ME MW Ai maven) 681 9h >0 thor d memory 
MEM { Bs ment) COs 16> te ACMI Armee) 3)>))  tHalfuord memory 
MEMDL At maerb)¢@: 72> ve MEM @r mer )6O:319)) (Byte Memory 


(This Is the low end of tha primery manory., It is used to 
| store the state of idle program levels. 
HASEPNGE1012047)<O191> 1s MEMMIOs 2047 )¢Or al Ds 
WANEEPAGE! 81 4086 1601 15> re MEMHIG: 4095 )<@115>3 


!Procesanr atale --~ The GYK-12 harruare manages many mu)tiprograeming 
tanks lef( to software in other systems. There ere 64 separate 
hardware “program levels’ | level 63 hes the Inwest priority. 
end Jeval © the highest, Each level has ({s om atorege : : 
locations in ihe bese pape of primary memory (o keep copies of 

most of the following repisters. 


t 

{The following registers fell into the GYKI2 “special eddrene® 
femtegory, They ere accessed by halfword operand addresses "60 - °F 
ttn the order given below, Note that they ere net mapped Into primary 
tmemory, Coples stored in the BASEPAGE of memory ara inactive, 


!Special Address 


{Np + Locations that can only be mecessed by @ program level With “pr ivelege® 
‘Ne > Indicates that only » single copy of thin register mists. All others 
! have ane copy pee program level stored in the base page of memory: 


tah) 


NB, IF  PREGWIGI15)¢0:3)09 {Fast aenere] process registers 
PREGHT OID COr15> ce PREGHIOCTS)COr Tos Whe same 
\B TNDPEG CO) 16>: PPEGWIG1¢81 1697 !indicator reginier - flage. ete. 
OTS) ve PNDPEGCODs {Overflow trap override 
{C¢> os INDPEGCI>) tLevel chenge 
t re ENOPEGSZ15> 'Snere bite 
AIC> am TNDPEG CAL IMemory test 
PUC> om INDPEGS IDE 'tPrivwelege violation 
Theo re TNDPE GCAO) Iinpul parity error 
BR<> re INDPEGS 9D) ‘Memory perity aor 
O16) ar INDPEGSI MDG !Device timeout 
WROD rw INOPEGCII DO tNon-implemented inatruction flag 
CF4> te INNPEGSI 275 {Carry flag 
OF <> ve ENDPFGC L302 \Over flow areeter flog 
b> re PNORTGEH4O: \Equel/ewcess leg 
(Fed om TNDPEGCIhod ‘leas fing 
FLAGSA1 3) ce THOPEGC12, 1S 0 'Tondition code flags 
M POPO1h> 1 PPEGHIONCIB: F191 !Progrem counter Cectiva) 
'Pr<15) elwers zere 
\1C.10 MAGHPEG 0192) c= PPEGWE 141600319) {Mask register 
NIE UF IPAPREG( BO: 31> ce PREGMEISIC@1 31>) {Inetr to be encm during on {rep 
Noth OF 
Ne PLAPTGIIS}<@1i5> 9 !Mage contral & Address Reyislers 
30034 


we PLLBEGeO a> o 1Privelege ond level Jink regisier 


GYFT2- SPE LAC ROA eC rl 100 73-F eh: 78 11130 Wt oelMu- 1A Paws 1-2 


PeCei1> 9@ PULPEGE Or >I tor ivelege of active process 
LPL ¢B:5> re PLLPEGC217>: !Link program level 
c<@ii> cs PLL PEG? B19>) ‘Revel control (control Ineding & 


istoring of registers in response 
‘io onterrupis.) 


CPL nS? r= PLLOEG 1Ar dS oy ‘call progeem level To) 
LAcB. 15> te PLLPEGCI6.41>) {Link argusent {{renenlt infe to 
{ealled p.t.) 
\a2.33  QPEG'O: 31>) SQueue register 
fevists in agin memory 
\34.35 
Ne \n | QUEPYPEG<@r31>s {query register 
IPE<S im QUEPYPEGCAD! lInsteuclion parity error 
LPEC> t= QUERYREGCI >) {Level change parity error 
ive> ve QUERYPEGC2>) linstruction violation 
Hed ve QUERYPEGC3D: {Memory access viclation 
MTO<> +@ QUERYPEGC4: {Memory Lime out 
gV<> +* QUEPYPCG<S>1 [Spectfication violation 
epean3 1 QUEPYPEGC6:9)) [Page designeter 
PPL <@:5> ae QERYREG“I0; 15>) 'prler program level 
{ te QUEPYPEGCI6: 319) {These bit ere read only 
tLLie> 1° QUEPYPEGCI6>) Slevel lock indicator 
EEE> se QUERYREGCI2>: ‘error exit 
TPL<@:5> a= QUERYREG( 181239) ‘tentative program level 
1 +e QUEPYPEGC24: 26> {Spare bits 
APL <@15> y= QUERYREGS26: 41>) !ective proserem Jave) 
\36 
Np \e ELAS? 'Executive link resister 
KPLCQiE re ELRCHOr I S>9 {Executive program level called 
\3? 
Ne Notused(0)15>1 ‘mused 
\3A. 3f 
Xp \e PARI 8: 7)¢8,15>) !Program activity registers - 


'These beep e record of active 
land suspended program levels 
PELP@riSd¢ roe PAPIAICOIS>) {make the whove bit addressable 
PS2TOISICdae PAPI 2181 1b>s 
PS310119)¢>1— PAPI4)<@1 15>) 
PHAM 1h)Cdte PAPIBICG 1G: 
PELCONIE Core PAPULICOLIG2) 
PEZ(Or15)¢>1e PARI3)<Or 16>) 
PESTALISHC>rm PARIS]<O1 15>) 
PES(Grib)<>te PARI ZIC@ 11S) 


{Architecture reteted register visible to proyremmer Indirectly: 


PLLFF OD) Iprogram level lock arse as LL! except In 
. ‘program level two, 
LOCKPCARC >) {reatrict eccess to memory through PLARY-15 


result from short program level chenge 
C1S<013>1 HComputer Test Set Conditions! transfer stitches) 


eS ene Se mm ene nee one 


Gyt LP. PSP Oe Pec Ae pal 16D 2 Feb- 78 11138 WOlSel MU 160 
11/0 PEL ATEO PIGISTERS 

(The 1/0) device command and stelua words are also stored in fined 
"Ynentions in the BASEPAGE of memory. The warping wil} not be given 
{here. however. ince heer wnrde ere sn. allered throughout ihe 
CAST PAGE. Suffice tt to ser that earh device hase kerenrd end o 
fermination word. the bli mesiqiuments of which mre given below. 
[Device “Ob Is ceserved fat @ monilor register whose function is to 


tenntain pertinent information during en 1/0 error tnterrupt. 


monidore@:3)>) !read through device 6). 

{set through device address @1, 
\reael through device eddress 62. 
maintregsO: 319) tread through device 82 


{Bit layout of annitor register! 


MACHO osysfaults.= 1 8 'System fault 

MECPO ocomfaultce 2 8 !Computer Faull 

HACPO loverroria ? & 'Input or output error 

MATPO diperrorte BS !Device input perity error 

MACPO dtowrrorts 9 8 {Device timeout error 

MACPO omemerrorte 10 § 'memory access violutton during 1/0 

MACRO cHperrorie 11 6 feentrol word parity error 

MACPO diperroris 12 8 tdate word parity errar 

MACPO mtoerrori= 13 6 {Memory timeout error 

MACRD tocerrort= $4 8 11/0 Contreller time out error 

MACPO ptoerrori# 16 8 'Prooram time oul error 

MACPG av.errorie {6 $ 11/0 evalanche error {multiple 1/0 errors) 

MACPO omenmdd sm 21124 8 {Host significent bits af memory address 
{during 1/0 error. 

MACRO deverd = 26131 £ {Device edde ese during 1/0 error. 


lArchitecturel features of 1/0 not supported heret 

! 

1-3/0 controller 

{-1/0 memory eaccese control - essociated with device addres 
{-Maintenance panel controls - essoclated with device eddre 
Pen) time clocks - associated with device addresses "@3- ‘85 


Paqe 2-1 


{Bit axstanments In termination 


MACPO blockcumpletere 6 § 
MACPD inpteruptie | 6 
MACRO nplie 217 $ 

HACPO transerrori® 8 & 
MACPO operror te 9 8 
HACPO elie 10:15 8 
HACPO chanendi= 16 6 
AACVO partermin 1? 6 
MACRO aict= 16:29 8 


MACPO devete i= 24:5) 8 


{Mbt anateiments in bey dt 


MACPO blocklength 12 O46 8 
MACRO lomode t= $1/93 8 


MACRO cur edd ve 14:91 6 


TWdevicee(Mfo7beas edt 

TOpor tat Opt? lear Bs 
ADU UNrt P34 

1 timinienance todee and atatus 


dint ode d?s B51 
cruroucyi ys 


word! 


{normal return proge mm jevel 


lerror raturn program level 


{parity Cermination 

tqueve table control - controle entry in 
lqueve resuplster upon completion of task 
!devicw aletus 


11/0 modes! f- inactive 

! l-outpul, full werd by bytes 

! @relera (clock) 

! 3-Impul. full word by bytes 

t 4-putpul, upper byle in hal fuord 
t S-outpul. lower byte in halfword 
{ 6-Input, unper byte in hal fword 
| A-input, lower byte in helfword 
tcurrent edd vas 


!fAn meray ubich pretends to be afill 
Teamplement of 1/0 devices. It accepls 
"devire commands. 

‘this ecrey pretends ta be the 1/0 
{date por(a sasocialed with the 

tebuve devices 

tnumber of dev requesting Int 


Gehl Peet a Spat am mt PAD ne ee fie Pew 34 


ne 2a Cs ce che oe co ce oe he Ss ce oh adh EG 
! Tie ee we catibes wi dl epee at. doeee Case the nuwdeoul ‘he oF. 
ve CBD “notructron Pearater 


tr ehae Bs Ibori 6 Os31 01M ahednu regiate to be counted 
For architecture seasurces 


orerre! tiene CMY 'Snerand sire - Ge fulluord, Leohalfuord 
nye de OB) er OB 
wile Ar byrere ea Boa ‘edde vening aode 
acum Or eid de ‘accumilmtor selection 
emcee Oi grew ict paris ds ‘inde reaicter selection 
tweed MiP dee ir Bi1S>t ljmmediate overend Field 
epadd(1IS21eir 1693) 1 'aper ar S/eddress 
AAV) copadd' hs 39>: ‘page designator 
ODL LOY warmed 41 14> ‘uncd eer eos of feet 
wovrecpadd’ $$) 'helfnard adtese bit 
elt ad ic Ai tGds "EF feclive ede eae 
bytesplertooe 'Peupper brie: Irlower brie 
marcO.2Go1 , Mesiry Add ess Pegiater 
wher CO 3D 1 ‘Memory data rea'ater 
erctan’Oiarys \Temeoraey source reaister 
beter cdi ISV6 drape chme 1eI7 Oe 
dalla: 2935 ‘Tempore >» destination cegrater 
bitdet (G1 18)% dredatimed 17139) 
He gtmee a2 >: ‘Tempar my pacess rearsier 
gu wad: 699) tTemp double register 
eroniy: + 'srectal addresses limited tr peocess 
‘registers 
ermnid: o> 4 ‘Kidde essing aode 9 evchuded 
rived wind sD 'Elag Co mnhihed ety esteiginn during 
taper and feich 
fede apd a {flog wet to sllaw over f' ow 
‘wothoat trap in ends @ with Indewing 
drag! bagirs twet shen vem canditiun exists 
nolbans¢ vt '4lae ta mnbibst condition cere setting 
Vdur ine mode Bo indguing 
cfanty? oa !wet omty CF ducing mide @ tadering 
wrocutec st 'Clag set chireng ececute Inetruction 
‘do repeat terec ruutine 
tape de Or Fs Ceowmrary countec 
Doe hear gry 'rew prog em level 
pe tap (ODO TG: \Qemporery prow am activily cegister 


' + used tn select now level 


muclop(OrB916 te ome tml Bs SN 1G)s ‘mobos ebove bit ohd tusnble 


int 6 }aqeo) feet by (he 1/0 controller when It 
‘wewnte marae! service 
interns ot ‘eet hr the TU controbler to indicate 


‘eas errer when no errer level was 
Papectlied by sofluee 

Hp wae td 

HH PO top enope eg © A 4 


stophirs ot ‘em flag to stor the aimuletion 


tmoGh tsb hh bot toes ap 

Yont bauer bane bit teapar ey 

thon hditio 

tle’>d: Maetle 

t4eMi dor "four bil teepore ry 

hae hd Qn "B4 hil temps ay 

tmp dt ia, TBD bt twee ary 

CT ce A "QP bit trom wbter 

Atv ayer "97 bet tremor ey 

Weta De AP be ote tM Sot ‘mm oe atuve bit edd essable 


be bpati a tot oem oot mths 
"vemave (hig from sar alle detwa 


(woren+ ever neDEaveesetecoesenceessetey 
te 
1s wed TEAL Centon d doe Where te She plee te ert 


es eo ce then ow orees amet 


Seetumaticw yy ore vols She coer wl desired intervals 
1 woe montane 
ee i i CC ey Ci Ae Te ey Sey 
needs the l see. 


Hob CNR ADs weak 8 amd EP ontecurt® 6 
(toch ae be nap lete) md Lae 


tqnend th a 
eeregl © 230 onlin ne-t 
Teter nde nesn{ eM tees 
1 
ni 


We. 
Weg 
1 


OD sare 


Pale wemtd F Gepost 


Hrs PMS t1PeCouter My 1D 07 feb- 7A 1170 WOLT@ CMU 160 Pane 4 4 


‘UTTET TY PUTING S 


tHarduara utilities for “prog ae Jevel® changest 


{Seve atl process cegreters 


sevreqs:* BEGIN 
teectr © A NENT 
Sloopre AAS POGEL CAPE @ 720) + dept C1818) = PREGHE Amc 645791 NEXT 
tmpetroe ttemecte #996710) NEXT 
CIF tepete LEG 15 ©) sloop) 
ENO) 


Seve process register @ only 


tevr@ie BEGIN 
FARSEPAGEL (APL ® °28)¢18:18>) >» PREGMIO} 
END: 


{Load af] process regisiers 


loadraans «BEGIN 
tmrctr © 8 NEXT 
Vinopre PREGWI temcte <4172) © BASEPAGELU(APL © 928) 4 tometer 61810) MENT 
Ampetr + Clamete ¢ 196710) NEXT 
CIF tmectr LEQ 15 »> Ilene) NEXT 
c+ 1 
END. 


{Load register @ only 


lomdr Bi» BGIN 
PPFGMIO) » BASEPACEL (QPL © 9201610105) NEXT 
le +) 
TE NDs 


{Lond page control mccess tegisters 


loedoe art ACGIN 
tmocdr © @ NEKT 
Idboops ePCAR Cmgctr 4172) © MEP CCC APL © 940) © 920) ¢ dempctr 1Cfh10>) NEXT 
tmpctr = flepcie ¢ 116700) NEXT 
CIF tmpete LEQ 15 ©) Idleop) 
TNO) 


‘Loud Foret 4 PCAP only 
Joad4o ars eH GIN 
(mpritr = @ NEXT 
V4 done: ePURP (tmp te 64229) © MEP C PCIE © 848) © 2B) © tapeteCdne>) NEXT 
fmnctr © idapete © Pb 2:8> WERT 
CIF Aewrete LEO 3 9 d4bonp) 
ENO! 


Yewlect thinheat giority prowess level (result in new! 


suctions= BEGIN 

facdeplo} » PACA) AMD PAPL ET) 

partial) 6 PALS) NT) Peel als 

emetmpd sy) + Paid) AND Peete 

rac tet 3). Peet B) AND Pret?) MET 

neve = @ NEAT 

Ru tong eth ma tagtnesg ll => BALLOU) auction! WEKT 
neva lie (nage t © $65 @> Meat 
{Tt nese] 55 63 +> auc loop? 

tNo1 


"Gum: ta peouam Jese) fam tro responee te ere ar tandittons! 


Beamee teas TE Eh 
CUP GE 9 MTL CMEe bere det Moat 
aayven ya Meat 
Pry Abt Md 
PLEREG - Bebra SA) MET 
we. Ne 


GPL SGPT rs pate lel My 100 77 Feb 7B 11 WO 1 Set MU- 100 Pege 4-2 


COLCOM Coe 
Clad pags [rede ee 1 LOCRPTAR . 1) 
{loade cast loadtpcer i LOCHPCAR + 11) 
(loede @) loedpcer 1 LOCRPCAR + @)1 
(ined 8) Yeaddtpcers LOCYPCAR + 1) 

VI 

Prerayez> » 1) 


PLLFF = 3 NEXT ‘note LLT untenged 
RATLOUT tercle leDon't look ot Interrupts - go to level 2 
END: 


'euep to new program level in response to interrupt of level change instruction 


guapre BEGIN 


suction NEXT 'selact new program level 
(OLCOOE LO «> leoftware initiated p11, change 
wavregst 
savr@ 
y NEXT 


PPL « APL NEXT 

APL « nee) NEXT 

PLLPEG © BASEPAGE (inemwpl # °20) © °18)¢1810>) NEXT 

(DECODE C=> 
(loadrags; loadpcer } LOCKPCAR » @); 
Cloadregs! losdtpcer! LOCKPCAR » 1): 
(lomde@: bomdpcer + LOCKPCAR + @)r 
{load 6: louddecers LOCKPCAR + 2) 


tNO: 


GIP YE PSP ERA no fal OD C3-Feb- 7B Y1130 WOISeCP-180 
{Privelegae and accesa rhecksng ulilitios 


{Over ation unspecified by the acchilecture 
! -= no warning §% given lo progr aamer 
' == behavior like ne-operetion, bul register mi aht be changed 


unspec: #BEGIN 
nop 
END! 


1Privelege violation action 


pviolaticnie DEGIN 
PV + 1 WEXT 
wuentwo 
END: 


1WON- tmplemenied instruction (as defined by erchitecture) 


noite = ACGIN {unused Instruction code 
WF + 4 WEXT 
teapfleg + 1 
ENOF 


tChech mamary access viciation 


sreinvis GEGIN 
(DECODE APL EQ 2 => 
Weeds 
EE + 2) NEXT 
pvialatton 
END) 


IChecw {nr "reed dele access in peas 


ckrdai» BEGIN 
IF (PCARL ef fedd<O1 314812) EQ 3) OR 
(CLOCKPCAR AND laffedd¢O:3> GIR 3) => 
setav 
ENO? 


tcheck for “read Instruction® access tn pase 


thrimie BEGIN 
1F (PCART ef Fadd<(8:3)1<811> GEQ 1)-OR 
(LOCKPCAR AND teffadd(@:3> GIR 2)} > 
telav 
ENDi 


fcheck for write eccess to pese 


chuare BEGIN 
TF CPCAPle Ff sht81 9218s 1> NEQ BO) OF 
{LOCEPCAR AND (effadd(@:3> GIR 3}) => 
setav 
NO! 
'Check instruction violation 
setivie BEGIN 
(DE CODE APL EQt 2 ©> 
We to 
FE + $) WERT 


pv iolatinn 
ENO) 


{fheck for privelege atetus of current active program level 


pevchh sof TF PR NMEG 1M => setivds 


!Chech for semi -o i-eleged alatus 


es ivebbre CUE CPP TO 8) OF IPP EU 3) ©> metivi: 


(check reed soeciel mcdkk ese occas of ivelege 


Pege 5-1 


Gb ie. 1SPE RCT AC AON Tel MU 10 23-feb-7B 14138 WO} SeCMU- 160 


chr spar’ BEGIN 


{16 wffadd|A> => 'EXF apeode = “CE 
CF gronly OF Cfopesde EOL "CED GND EPR MEQ “1010 > 
eativ 
’ 
ar) 
£NO) 


tchech write sreciel address ectess privelese 


chuspes sHEGIN 
IF ef fadd’ 10> ©> ‘addr of queve reg * 26 


) 
ENO) 


Peace 5-2 


CHF pronly OR (feffedd6iii4> NEQ 25) AND (PR MEQ '18)) => setiv) 


GbE? PSPUAE C EOC TAC MU- 100 23 fet- 78 11:38 WO1SeC I-11 80 Pesce £-1 


'Derrand read and wr ite utilities 


ITransiate virtual to ree) address 

vir bicem) BEGIN 
mar + PCAPLeffadd¢@:3> 162115 eel feckd< 4s 15> 
CAND: 


'Pead from specie! address (helfword! 


rephie AEGIN 


chrape NEXT 
f {DECODE ef fadd¢1@i)1> «> 
\e sretep © PPEGHt ef fadde1):45>) 3 
MI srctme © PREGHIeffadd<$i115>) » 
N2 {srelmp © PCAPLeP{mdd(121159) MEXT noextand = 1)) 
\3 (DECOOC ef fadd<i2:15> 0) 
\o sretmp = NBASEPAGEL CAPLO’460° 3A) E11BD)e 
Ml srcime + HBASEPAGEL(APLS*4ee°3]2¢)218>)¢ 
Ne srctmp + HOASEPAGEL(APLE°48e°321C1110>) 
\a sretme + HBASTPACEL(APL]e°"4e¢°39)<1118>1) 
\4 secimp + QUCPYREG<8: 15>) 
\5 srotmp + QUERYPEG<16:34>) 
\6 srcimp + ELPi 
\? arctmp © notuseds 
\6 srcimp » PARI(Q)1 
\a sectmp + PARII) 
\A aretmp + PARIZ)) 
\B srctmp « PARISI 
Nc srctmp » PARI4)) 
4d erctm + PARISI) 
\E arcime «+ PARIB)) 
VF sretap » PARI?) 
) 
} 


END) [nf raph 


{Peed spncia) eddress (full word) 


repre BEGIN ‘ 
chrepom NEXT : 
(DEF OUE ef fadd¢ 18:11) > . 
\o sreime © PPEGH ef faddiiV lard a 


Ml srctmp © PRCGH Let feddeiisi4>) 3 
at 4 aretmp © PCAPLeffadd’i2115)) § Inote halfword result 
\3 {DECOOE ef fadd¢i2114> #> 

\e srclep » BASEPAGE | (APL®°206°16)41816>)3 

M srotmp © BASEPAGEL(APLO°Z00°38)<18/B)17 

\2 srcimp © QUirtbheGs 

\3 sretmp © ELR » nolused! 

“4 srctmp + PARIBI @ PARII)) 

\S sretm «© PAR(Z) @ PAR(a)) 

\6 srcimp + PAPI4) @ PARIS): 

\? srctmm « PAPIE] @ PARC?! 

’ 
) . 
ENDI tot ¢ men 


{Write to @ epeciel address (hel fuord) 


wsphie = ftGIN 


chwapea NEXT 
(DECOOR ef fade dArth> #> 
\a PREGH ef fmt 11159) + duttmpch?192> 9 
MI PREGHL ef fadd<tistho) © detimpci7igZ> 3 
NZ CCAP Ted (add d2etSo) + datimoecdi de> 1 
HAASE PAGE (EARL O48 20a Fmd 1211S>ICHT1OD) © datimpdt? 32> 
MW 
N3 OF COOE, ef faded {2115> &> 
‘ ya CHUASEPNEE CAPO ae IMCL EAE © dettmp<1 723290 
PULPEG WESS © dettmped7i azote 
Ay) THOASEPAGE LIAPLeT4Qe* a} pChdO>t © dettepch71aZ>e 


PLUPEG TB S1> = dettmmel7ra2oor 
VW, MRASEPAGEL CAPL eT ¢ae S011 AE © duttopel 7132.8 
Aa HIASEPAGE CAPL OS ae FDI E1OD © det tm s 213290 
\4 CAR PYPEG! 115) © daddimer |? gre 
‘The Teest staqnilirent hall of the GQEPYPEG can never 
the madified by enftume. bal ff » B7H instruction 
Vale essen this least significant half. (t clears the 
Vmnat mtemificent hell. (CF. see. 6-39) 
Nh UNF opcode FO 67 ©) QUEPYPECCOI1S> +» 81) 
\6 EUP + dettmpel7i 32>) 


Gb 1c. TSPUNPTAC Ae alm IND C2 Feb BH 11198 WO1SeCrU-180 Page 6-2 


Vr matused © dette] apd 
iN: ] PAPE) © detimp 17: 32>1 
\y PAPIYY © dattmpcg racy: 
\A PREP) + dattaped ei acys 
\a POBLIE © dwttmec1 71 92>) 
xc PAPI} © duttmpe}71 32>) 
\O PAPIST = detiame)?:32>7 
NE PRPIB) © dattom<)7:32>) 
VE PRREP] © dottopr<t?s 325 
} 

’ 

CNOr lef waph 


[or ite tne epecial edd ese(full word) 


wepute HEGIN 


ckuspa NEKT 

CDUCODE effadde1Oiii> 9) 

\o PPEGHL ef fadd(S1114>) © dettmpcie32> 7 

AY! PREGWI ef fedd<$)114>) © dattmpc)132> + 

\2 (PCAPLeFfadd(S2115>) © detimpcs7132> 9 
HBASEPAGE((APLa'4@e*2@sef faddCsZ115>)C1218)) © cinttmedi7) 32> 
VW 

\3 (DECODE ef faddei2ii4) #) 
\a (BABEPACE( CAPL@°206°18)¢1G100) + dettensir32>) 

PLLPEG © dattmect i 32>04 

NI BASEPAGE! (APL O° 209°199C108>) » dadimpc)132>) 
{nee comment on waph. (CF. sec. 6-39) 
\2 QUERYPEG © dektepeii16> @ QUERYREGCI6:3}>) 
\3 CELP > deltmecti16>) notused » dettmncl7ia2>00 
“4 (PAPIG) © duttmpchi 16>; PARTY) © dettmpci7iazoss 
\5 (PAR(21 © dsthmp<hi 16>) PARIS) © dettmpdh7132>)) 
\6 (PARI 4) © deitmpcli 1627 PARIG) © dettep(!?:B2>)¢ 
Vv (PARIGL © dethepcir iG) PARI?) © dettemci?: 32>) 
) 

i) 

€ND) 


BYP AZ. ESP ERAT AC ene eC MU 100 23-feb-78 11:38 MD i SeCAU- 180 


!Pend date from o hal fuord 


retmiie = TEGIN 

CDECOOF effacdd CEO 64 =) 
racks 
{ebrdam NEXT 
virt eral NEXT 
br + PEPHMi mer) NEXT 
srctmp + mir) 

! 

ENO? 


{Read deta from e fulluerd 


rdwis  HEGIN 

{DECODE affadd GEQ 64 «> 
repel 
{ebrrle NEXT 
virt.ceal NEXT 
mor 6 TAMA i mer (81249) NEXT 
srctme + mbr) 

’ 

ENG, 


Page ?-i 


read a date byte (we use the halfword routines for the speciel eddresses! 


rdbyterefEGIN 
{DECODE effedd CEQ 64 => 
repbre BEGIN 


erph NEXT 
(OR COOL brteselect => 
\a srctmp © sretmpc17i 24>) 
Ml Sretmp © sretmp<26132> 
) 
ENO) 
rdbie BEGIN 
ckrde NEXT 


virt.rwel NEXT 
mor + HEM mer @ byteselect) NEXT 
srctmo + wbr 
ENO 
J 
END: 


[read en inatruction from « word 


clue  PEGIN 
{DECODE Effadd GEO £4 «> 
(DECOUE effadd< 16> > 
(rape NEXT brehd © srotmp<hia2oos 


(NF © 1) ipshd + TRAPREG NEXT BAILOUT fetch) ts 


i) 

(chr i@ NEXT 

virt.cend ACXT 

more MEP mes (81249) NEXT 
trad ¢ mbr) 


£NO} 


GY IS. PSPS TC acd pa CMU 16D 23-Feb-78 11°34 WO1SeCMU- 10D 


'Ur ite inte @ halfserd 


wrethwers BEGIN 

(DECOOL effadd GEO 64 9) 
wephe 
{chwe MEKT 
Wirdorem) tombe © dettepd)132> NEXT 
MEME mar) + mbr C16191>) 

’ 

END 


fur ite w full ward 


wetwie = fIEGIN 

(DECODE effadd GEQ G4 => 
WED TE 
Ccbwe NEXT 
virtereal tombe © dettpd):32> NEXT 
PEP mar 0:24) + abe) 

? 

ENO) 


‘ 
{Wr tte into « byte 


ur tbyterrBEGIN 

(DECOOE ef fadd GEO 64 => 

wapbie BEGIN 
raph NOXT 
(Ot CODE byteselect => 
\o dott © dat ban<25132>eer cl mp625: 325 
M dattmp © sretme<1 7124 >edsttme625) 32> 
» NEXT 
wp 
ENO) 

wribie BEGIN 
chua NEKT 
virteeeal NEXT 
mor © datinp ¢4:32> NEXT 
HEMB mar @byleselect) © mbr 624191 
NO 


FENDI 
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‘EC ter tive atteas calculation and operand fetch and store routines 


"pign getergcon 


sraneeti= FOTN 
(DECOOE srctmp <17> => 
erctmp/O@r 16> © "AAIAD: 
sretmecOii6> «© “AFFFF 
’ 
ENDI 


ILiters] addressing mode - mode @ 


Literel:=GfGIN 
€DECOOE nowxtend *> 
\e Caectmp - PLUS opadd PLENI 
pregimnc1132> © PREGNE index) NEXT 
pregtan<®)> + pregime<l> 
” 
MI farctmp © opadd! peeglap © PREGHI tndex)) 
Y NEXT 
CIF inde» NEQ @ &> 
CIF neflage e> 
srctmp ¢ lsrctmp ¢ pregimp)<3210> NEXT 
RalLOut Literel 
) NEXT 
e)u33 © erctmpd):32> * pregtmmdl132> NEXT 
CF ¢ @lu33¢0>:) te cerry out of word Bign posiiion 
sreotmm6)132) 6 aludactig2e 
srcimpcO> © Carctant@> ¢ pregtmpc@> ¢ e1u93¢A>)<O> NEXT 
(IF cfonly => BAILOUT Literal) NEXT 
tf © Carctmp<@117> NEQ 8) AND Carctmn6O11?> NEQ 877777701 
OF © Caretmpc@> NEG srctmndi>) NEXT 
CIF OF AND (NOT nolrmp AND NOT Of) »> trepfleg © 1) 
1 
END) 


{Oirect eddressing mode - mode } 


Directs *DEGIN 
(DECUCE index NEG @ => 
effadd ¢ onadd) 
effadd ¢ lopadd ¢ PRLGH( Indew)1<15:8> 
1 
ENDE 
\Relative sddressing wnde - mode 2 


Relative: 9BEGIN 
CIF index EQL 0 ©) effadd » Copadd ¢ PC)(15:8))) foverflow ignored 
CIF index EQL L ©) effadd + fonmdd ¢ PC + PREGWEIIICIG:@>)¢ 
CIF index GIP | ©) effadd © (opadd © PREGHII) + PREGNI Incex})¢1516>) 
END) 

{Indirect addressing mode + mode 3 


Indirect: #HtGIN 
eft add © upadd NEXT 
refi NEXT 
el (mds © ereteyeeh?ta2> NEKT 
Cif index NFQ @ ©) 
elfadd © feflmdd ¢ PREGHI inden ))¢1518)) 
ENDA 


IWord operand fetch 


wor fetchie BFGIN 
\DECODE erlmod => 
(DL CODE NOT gemndy => 
(SV + DP NENT pvinletionts 
{Literel) 
Mi 
{Direct NENT ¢ hel 
{Paelative NEMT echide 
CIndirect NENT rchel 
1 Ext 
UIE NOT nowstend AND Codmod MEQ 6) =) srciap(@> © ercimeci>} 
#N01 


Yhalfunrd operend Fetch 


hop Cetctu ett Gly 
(DOLCOOE adeod => 


2 eR COOTER He ARMA oop kage Pe Eaten 


GeV PGP EE PC cree tw MU- TAD f3 Ceb- 78 11580 WO1SeCMU- 180 


(Of COOL NOT e-madz &> 
{SV 6 1 NENT pvtolatloanti 
literal) 
‘i 
(direst NENT ¢ dbus 
trelative NEXT cule 
indirect NEMT rdbw) 
1 ATM 
CJF CNOT noertend) AND ladmod NEQ 6) «> signent) 
END: 


{Byte operand fetchi 


bupfelchr BEGIN 
(DECODL admod=> 
(DECODE NOT axmodz «> 
(SU + 1 NEXT pvinlation)s 
Chiteral WEXT 
(DECODE hyteselect => 
sretme © sretme<d)7i24>) 
sretmp © sretme< 25132) 
” 
ye 
{Otrect NEXT eebytels 
Urelative NORT rdbyteli 
Cindirect NEXT rebytel 
’ 
€NDs 


IWord operand store 
wopstore: "REGIN 


(DLCOODE admod «> 
(SU & 1 NEXT pvictation)) 


(directht 
(reletiveds 
Cindirect) 

NEXT 

wr ti 

END: 


thalf{word operand store 


hopstore:® BEGIN : 
(denode admod ®> 
(5V 6 1 NEXT pviolatlonts- 


(direct)s 
(relotiveds 
(indirect) 

INE XT 

bar (hes 

END: 


(Avie anerand store 


bupatore: HEGIN 
COL C COL erimad => 
{SU + J NEXT pviciatlon)s 


{direct do 
Iralmtiveld 
Ctndirect) 
VAT T 
wetbrte 


thou 


Paw 3-2 
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{G12 Inetruction set 


"Fach onatehetion is desccibed by @ sererate routine below. Severe 
Yates wree used for emch routings 
f - reset condition rades 


‘ rel mode fleqs so utility routines behave 

i] - calculate operand acdc was and fetch operand into "srctrp® 

i] - perform aperation using sretmp and @ process register (usually) 
! - atore result Crom detlmm into destination 

t - eet condition codes 


INot a1] instructions contain all of the above stens) but this should 


teerve an w ynod outline for understanding the isp. 
! 


tWate thal memory access viclations, etc, will cause instruct tor 
fopermtian to be shorted, (See trap end sweptic, above) 

tRPoutines for resviting and setting (he condition codes! 
recelflapare (CF 6 @) OF » @ EF © Oy LF + OD: 

weted tim CEP © Cldsttmp<Bid?> NEQ @) AND Cdsttmp Oi) ?> MEQ *SFFFF IIs 
wetef2i= CEP © C(dsdtmp<iit?> MEQ @) AND Cdetimoctil?> NEQ “LFFFF DDI) 
setofis (OF + (OF OF Idetmp6O> NEG dsttmpc1)))) 

selofloyicalie (OF + OF OP dulimn<O>)) 


seicfie ( CF + CF OR datimp<@> J) 


traptester CIF OF AND NOT OT »> trapfieg © $1 


GYP IS. TSP ETL AC RAAT aCMU- 180 23-Fab- 7B 11130 401 SeCPR- 100 


{1. Date tandiboq a ocun 6-3 
'Enad €Peaister) Tucteaction 
ldfie fiL GIN {lowed dete full 


LOH: 


Jatin 


Idui® 


Idlir 


lafie 


LAHt = 


Icdre 


resetflens! 

cfonly = @ NEXT 

unptetch WERT 

PPE GWT eccum) + eretep<liae> 
END: 


GF GIN thoad deta halfuord 
resatflegns 

cfonly + @ NEXT 

hupfetch NEXT 

PROGH(mccum) © srctmp¢ $1 32> 

€NOi 


AF GIN !}oad most half 
resetflenss 

pronty © 1) cfonly = 6 NEXT 
hopfetch NEXT 

PPEGWI accum)<@116> * arctmp<i?sac> 
LWO) 


BEGIN {Load from upper byte 

reset(lags! 

mranly + ti cfonly © @) byteselect + @ NEXT 

hopfeteh WEXT 

PREGH{ eccum) © arctmp¢25132> Inote PREGH{ eccum)<(O:23> © @ 
END! 


NEGIN ILoad from lower byte 

resetflaas) : 

pronly © ts cfonly » Oi byleselect © 1 NEXT 

bopfeteh NEXT 

PPEGMLeccum) © srotmpc25i 32> {note PREGHI eccum)<O:23> © @ 
ENO) 


HEGIN ILoad absolute value full 
resvlflegs! 

pranily © $ NEXT 

worfetch NEXT 

(DECODE erctmp(O> a) 

\A dsttm: ¢ sreteaps 

MI duttop © CHINUS protoys)¢32:18> 
1 NEXT 

PREGH( @ccum] + detimpcds ders 

woteds emtetl NEKT 

trentest 

END) 


HEGIN "Lond ubsolute value helf 
reself dans? 
prondy +f NEXT 
hoefetch NET 
(DELODE ar etme? => 
dating © arciap! 
et ings © (MINUS arctmp 163218) 
YONEXT 
PPL acc) © tet had 
aelofs aetel} NEXt 
trapteet 
tno: 


Ait GW ‘Load two's complement full 
coveti lane 

teanly © | NENT 

sraphete ty MEMT 

Vim s Cwinus secteptedti ay Ment 

PREGA me cmd oath be 

weduts setefl MET 

temeteat 

END: 


Peow ii-l 


isdn pice cli es tee Sic nS age Spe Wig aaa alas oa aoe aes + 


Gide ESP bs cree ceded MU 100 fa feh “A tim WO1 Sef AU 160 Paw 1t-2 


Ichie REGION nad fan's com-beeent hal fuord 
reertf lmanl 
reanly «© J NEXT 
horeleteh NET 
dette 6 Caine tected Ue NPT 
PPP GWhascum) © dattap<tsd2>e 
setofl netef) NEXT 
trantest 
END» 


(Stare (Peqieter) Inetruction 


sdfie HEGIN = fetore full word 
renetl lage: 
pymods + NEAT 
drttmp © FPEGH{ arcum) NEXT 
hinpetlore! 
netef? 
LNDI 


edie = HEGIN Ietore hal fword 
resetflaga) . 
tomoady * 2 NENT 
dating » PREGW{eccum? NET 
borstores 
aecel? 
ENOs 


emhie  THOIN Istore most sianificent hel fword 
resotf luge) 
owxmnde © $ NEXT 
dattme © PREGW{ accum)<(@1 15> NEXT 
hngatore) 
redef2 
END: 


fadui» HEGIN {store inthe upper byte 
pronty ¢ Lb exmod: « 1) bytemelect + © NEXT 
dattmp © PREGHT accum)¢241391> NEXT 
hopelore 
ENDO 


adiis HEGIN latore into lower byte 
proniy © Jt evmodz *¢ 1) bytemelect «= 1 NEXT 
dattings © PPE Gb ec cumh<2419$> NEXT 
bopstore 
ENO 


DMove Tonte ted ine 


Mele  UNGIN \Move zerves. fuliwrd 
wrmids © 1 
de(tmp «© A ONEXT 
voptore 


{ND 


MeHie TN GIN thove zeroes. halfword 
eemndz 6 ft 
det(mn «© @ NDOT 
hopetuee 
UND 


Aluie HL GIN !Hova immediate into usper byte 
ef fadd © peadd NEXT 
dettmp = temed NET 
hy terelert + @ MXT 
waeihile 
PND 


Allie Mi GJN lanve immediate inte Inwer byte 
ettadd © opadd MET 
dettmp © immed NET 
lotenele dt 6 1 NEXT 
we thete 


ng Avene onan eee 7 iad ee ee 
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END 


"Per csaeae Inetrurtian 


ExXfie BEGIN ‘eschanae full 
18 this is read modi fy-ur ile 
resedd bauna 
ermode © 1 NEXT 
dsttess + PPEGWleccum) NEXT 
nelaf2i 
vopfetch NEXT 
PREGHIaccum) © srctmpcls32>: 
tar (ua 
NO) 


EXHie = fAFGIN levchange hal fwerd 
fe Chis ie read-modify-ur ite 
reset tage) 
ermode + fi proniy + | NEXT 
dntimp = PPEGWEaccum) NEXT 
selef2) 
hopfetch NEXT 
PREGH( eccum) © aretmp<1132>) 
tr thw 
END: 


GY. LoP Or LAr non eCHY- Leap 22 Febl-O8 14130 WO1SeCHU- 180 Page 12-1! 
Ar athmelic ineteurltongs 
THA Cremer peor ertoee fer oOR. ADH. PAE aed Pod. 


Ae Wea 
beecatege © PREGHE me cum) WOXT seeatepc®> «© pregimpc)) NEXT 
fatto © srcotmnc) 132) ¢ pregimp(4i32> NEXT 
Choe CF OP dsttmo(O> NEXT 
dettmpcB> © CdatimncR> ¢ srctmp > * pregtmp(8>)¢a) 
END: 


ADFie BEGIN 'Add full word 
ceopet{lage! 
pronly © 11 nofleg = 1 NEXT 
popfetch NEXT 
add NEXT 
PEPGHLarcum) © dsttme<i:32>¢ 
sctofi setef) NEXT 
{raptest 


ENDy 


ADHie ICG IN fedd helfuord 
reselflagn} 
prandy ¢ 43 noflag © 1 NEXT 
forfeteh KEM 
add NEXT 
PPEGHLeaccum) © dstimp<s: 325 
wetof) seltefl NEXT 
traptest 
FAD: 


AFie BEGIN {add Ingical fullword 
resetflagst 
pronly © ti noewtend » 1 NEXT 
worfetch NEXT 
detimgy © srctmpcd:32> + PREGWIaccum) NEXT 
Choe CF OF dottmocO> NEXT 
dettmpcO) © Cdaitmps> ¢ srctmpcO>)(@> NEXT 
PPEGHLeccum) © dettmpcdi3a2)) 
setoflogical: setefl 
END! 


ALHte HEGIN fmdd logicel helfwuord 
reeatflayss 
proniy © Ji nuextend ~ 1 NEXT 
hopfetch NEXT 
dettmp © aretmcdid2> * PREGWIeccum) NEXT 
Choe CF OR dsttmpra) NEXT 
ditt O> © (Celettmc@> © sretmp (O7)¢@> NEXT 
PPE GM eccum) = detimpchigo 
setoflogicals setef! 
tNDI 


RAF ie oO AEGIN treplere add fulluord 
tere (fleas) 
exmidz © Li gpranly © | NEXT 
opfetch NEXT 
add MOKT 
ar teat 
setof) setef) NEXT 
Yreplest 
UND: 


RAvli® BEGIN !replece edd hel fword 
reset(l mass 
wemods + 31 proniy © J WEKT 
hopéeteh NEXT 


add NEXT 
ter tb ieas 
cotofs seteft NEXT 
tramtest 
END: 
SBF i= BEGIN Nsubtract ful luord 


reert fl aqe: 

pronly © tt anflean = 1 MEY? 

wapteteh MOT 

pregtep + PREG eccum) NEAT pregiep(@> © prestand)) NEXT 
dsitep + peegtegc):32> - srctepcdi32> MKT 


oes: y 4 . wire.) ween ed 
TO ee RE ETS Re I, Sate ce es 


Grae 


SHHie 


SLFis 


SLHe 


RGF ie 


RSHie 


OF ES ee ee eee ee + negate oe OS oF 


TSP OAT ROO Tele) 1 OD 72 Feb-?B $1130 WOISaCMU-1PD 


Che CE OP NOT dattmer ds NEXT 

Het tm Ay o Coe wim? - arctaplO> - dettape B18) WEXT 
PPE ac rm yd 2 dattepe ds We 

ertof: .wtel | NEXT 

tencteoat 


ENO: 


OFGIN Isubtract helfword 

renetflaass 

tronly © J) nofleg + 1 NEXT 

honfetch NEXT 

preatmp © PPEGHIaccum] NEXT pregimn(@> © pregten()> NEXT 
detimo © preqtmoe):492> = srctepcl:32> MEXT 

CF + CE OR NOT dst! mp<e> NEXT 

dsttine@> © (oreaimpc@> - arctmp(@> = dsttmp(@>)(8> NEXT 
PREGHEaccum) © dstimncsi32>) 

artofds sete) NEXT 

traptest 

END: 


HEGIN feublrect logica) full 
reset{lags: 

pronkly «© 1) noewlend » J NEXT 

wopfetrh NEXT 

delimp © PREGHI accum) ~ sretmpct:32> NEXT 

CF + CF OP NOT deitenca> NEXT 

dettmn<O> © (= sreimecA> - detime<O>)<O> NEXT 
PrEGHtaccum) © dutimpcj132>) 

setoflogicel: setef! 

FNDI 


QCGIN {Subtract logical halfword 
resetflags) 

pranky © 1) noextend « 1 NEXT 

hopfeteh NEXT 

datimn + PPEGWlaccum) = srcimocii32> NEXT 

CF « UF OR NOT datimg<O> NEXT 

dattmn<O> + (- sretmncO> - delimec@>)CA) NEXT 
PREGHWlaccum) © dattmpc):3z>) 

setoflogicals setefi 

END) 


BEGIN treplece subtrect fullword 

reselflags! 

evmadrs + 33 proniy + 3} NEXT 

wopfetch WEXT 

pregtmp «© PPEGHI accum) NEXT preaimp<O> «© pregtmp i> NEXT 
dattme © erctmpc$132> - pregimocdi32> NEXT 

CF = CF OR NOT dattmn<®> NEXT 

dattmn<O) © Carctmp<®) - pregtmpe<®> - dsttmp<0>)<@> NEXT 
wrtwe 

setots setel{ NEXT 

traptest 

ENOt 


TORN trendece subtrect hal fword 

reretilngss 

eremndz © bi praniy © 1 MUXxt 

ine tich NEXT 

pregimp © PPEGKE eccum) NEXT pregt(@> + pregimpc)) NEXT 
dsttan » pretmpcsig2> ~ pregtap6ii32> NEXT 

Cr + CF OR NOT dattmp<@> NEXT 

dsttmpcO) = Carclmn(O) - pregtmp(B> - dettmp(8)(B> NEXT 
tr Ube 

selofi eelefl NEXT 

teaptesl 

END) 
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(Multogly and ther complee arithmetic inetructians 

' 

tThr eanditian code eetthing pines have been extreme ted from the 
Hollouing corlines and teorlimented as separate coutines so that 
Whey can he Zoomed’ ducony the e:maletinon. The code settings 


Heeutinee peeceed the tnetouctenn (hey cefer to. 


petcef:*ftGIN 
Chom (imp hh<65: 31> NEQ @) AND Cimpt<bS131> NEQ “7FFFFFFFE) 6 
EF + CtmnG666S:1S> NEO 8) HNO (tm 66665: 15> WOO C°7FFFF @ CFFFFFFFFD) 
ENOI 


MPFte = =HEGIN IMultipty fullwerd 
resetflags: 
pronly * 1: nofleg + | WEXT 
worfetch NEXT 
OF = ferctme4®@> NEO srcitmpcj>) NEXT 
traptest NEXT 
{1F OF »> BRILOUT mf) WEXT 
preatmm ¢ PPEGHI accum) NEXT 
tte Cerctmpt1> XOR preatmp >) NEXT 
CIF arctmp4)> ©> arctmp © MINUS arctme(}:32))) 
CTF pregtmp<1> => preatmpe + MINUS pregtmp<)132>) NEXT 
tmpGG + arctap ® preatme NEXT 
CIF (1 ©) tmp66 6 (MINUS (mp66)¢65:0>) NEXT 
PPEGWIeceumé@i2> @ '@) + tmp666691392>0 
PPF GM accum@:2> @ 'S) + tmpGG63110>) 
setcef 


END} 


MPH ® BEGIN {Multiply helfwerd 
resetflags) 
pronly «© ty noflag © 1 NEXT 
hopfetch NEXT 
OF © ferctme<O> NEQ sectmpedl>) NEXT 
traptest NEXT 
(IF OF #&> BAILOUT moh) NEXT 
bregimp © PPEGHTeccum) NEXT 
Ade Csretmpdl) KOR preglmpci>) NEXT 
CIF sretmp<t> => sretmp © MINUS eretmmcls 3200) 
CIF pregtmpd1) 2) pregtmp © MINUS pregiap¢1132>) NEXT 
tmp66 *¢ arctmp © preelmp NEXT : 
{TF 42 ©) dmpGG © (MINUS (p66 )(6516>) NEXT , 
PREGWI eccum) © tm6669110>) 
setcef 
END: 


setdefie (EF © COPPEGHIC(4 # 11¢63:09)¢0116> NEQ B81 AND 
(PREGHECA4 4 22¢3:62108 16> NEQ “LFFFF IID) 


DIFr®  AFGIN (Divide fullword 
resetfleas) 
peanhy = Is 
t4 + wcrum NEXT 
woptetch NEXT 
CTF srctmp EOL O => OF © 1) treptiag © NOT OT) NEXT 
fit OF © > ARAILOUT dif) NEXT 
(OLCODE 14042 #> 
Neven 164 + PPEGHEEY) @ PREGHE CAE ¢ 196310000 
\odd (th4 + PREGWIL4G! NEXT 
CIF (64731) ©> €64¢63132) ¢ ‘FFFFFFFFD) 
YONEKT 
4443) © @ NEXT 
41 6 (164669 KOP erect td) NEXT 
(ie + '64¢63> NEXT 
(TF £64¢63> »> (64 + (MINUS 1641669109)) 
CYP gsretmpeds => arctan « (MINUS erect )¢3110>) NEXT 
CIP 6164/7 wretmp)<Baid(> Mee os 
OF 6 1) treptleg © NOT OT NEXT BAILOUT dit) NEKi 
PPEGHICL4 @ $1¢31Q0) © (464 / erctmp) 63118) NEXT 
PREGHMIL4) © (164 - CPPEGHEOE4 @ 1969180) © pret) )63110> NEXT 
CLE ¢) > PPLEWECH4¢2 3c 4G) & CMINUS PREGHICO4 © 196310) 1¢91103)0 
CIP the ©) PREGHIV4) © CRINUS PREGHI 1417631169) NEXT 
setdel 
ENOL 


Dit UEGIN {Divide tel fuord 
reset{ lens 
peanly © bo 
{46 eccum MENT 
hoefetct NEXT 
SIF srctme EO Be) OF + Jt trepfleg = NOT OT) NEXT 
(iF OF => BAILOUT dik) NEXT 
{toe sect t> KOR CPG eccum 68> MENT 


ee eee teeta Ree ree neem nl as ee a ie Tae. ee ae 2 = 
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je 


POFie 


. 
tla + PPEGUL mecum) NEXT 
CLE eretmped © ed arc tme © CREMTS pea teed) 3isOod0 
(OFCONE Cla #> 


ay) thd 6 EPEGWLaccuala 
Si 164 + ALNUS PRL GW ae cum) 
y NEXT 


t4.d- 6 CNEXT 


CIF (164 / wecime) 663131) MO @ 
OF + Lb teapflag > NOT OF NEXT BAILOUT dih? NEXT 
PPEGHECE4 © $9690) © CGE Z srctmnd63110> NEXT 
PPEGWEL4) © (164 - CPPEGWI(L4 ¢ 19031001 © srotmp))62110) NEXT 
CHE (1 «> PPEGWI ERE & 9103109) © EMINUS PREGMEIC4 © $9¢3:0>)2¢391:B89)1 
IF dle ©) PPEGHIA4) © EMINUS PROGWI4411¢3110>) NEXT 


seldef 

END: 

HEGIN treplace square root full {brheves like sdf) 
reselflags) 'SQPT calculation not implemented. 


'hul sero operand ts detected. 
wrmodz + Ji proniy = | NEXT 
CIF PPEGH{ accum}¢@> ©> OF + 1 NEXT treptest NEXT BAILOUT raf) WEXT 
dsttmo © SOPTIPPEGHI erccum)) 
dsttmp ¢ PPEGWiaccum) MKT 
uopstore NEXT 
wetel2 
END) 
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{Te etafer (branch) Instructions 


'Cneaetourd transter adh ext uses same addeessing mnides as operand Fetch 
‘hot durerct behaves libe an endirect. end inedieert behaves dike tuo 
Hlevels of indicertion, 


XFERPFETCHie 
BEGIN 
pranky © $3 noewtend « 11 noflegs + 1 NEXT 
SDECODE admod @> 


\a Literals 

MI (Direct NEXT rehw)s ICF. sec. 5-4c Js wrong 
Ne (Relative NEXT erctmp © ef fad)! 

\3 (Indirect NEXT rete) 

» NEXT 

earctmpc32> © @ NEXT {PCCIS> is elwers 2FRO 


!The fallowing statement is included te prevent obvious infinite 
{ Joop from wasting cpu time. {not mart of architecture) 

CH sreotmpcd6i3i> EQL (PC-2261511) => STOP) 

END: 


XFRie BEGIN {Uncanditlonal branch 
»ferfetch NEXT 
PC s sretmp<i?7:32> 
END! 


KLKie = BEGIN {Transfer and dink { seve oddress in eccus) 
{a what tf tink reg is PC 

wfer fetch NEXT 

PPEGH{ accums¢iG0 31> © PC NEXT 

PC ® aretmp617132> 

END: 


XINie = BEGIN 'Transfer on indicators 
CIF (accum AND f lens) NEO @ => ’ 
wferfetch NEXT 
. PC + wretipel 71 92> 
) 
ENDG 
xSWie = BEGIN {transfer on (wat suliches 
(IF Coccum AND CTS) NEQ B #> 
xfecfetch NEXT 
PC + arctmpti71392> 
) 
FRO) 


XEKie WEGIN !U-wcute 
xferfetch NEXT 
effadd + eredmp<et7132> NEXT 


ri NEXT 

ervrrute + This lag causes levec to loop back end renaat. 
'Wote thet this Jocks out Interrupts 

END) 


VJredex Vest Instructions 


| Wf oerccum © indew the value of accumulator before modification 
! is used for lidtexing 
x00r= —LEGIN {if eccum te nanzere. subtract one end brench 


CIP PREGNI mceum)< 16: 31> NEG @ »> 
xferfelch AERT 
PPEGHi accumICIG: 31> = (PREGHIeccum)s6:391> - 1)¢1518> NEXT 
PU © sre tmesd 7032 
i) 


END) 
‘ 
XDTt= BEGIN {Tf arcum Ip nonzero. subtract tia end branch 
CIF PREGH! at.cum) C1613) NEO B > IPREGH wir | 
xferfetch NEXT 
PRE Gar cumlC16131> © (PREGNLeccumiC16131> - 2)¢)5:0> NEXT 
PC > sretepel 71392) 
’ 
t ND) 
M1Os= = AEGIN tH arcum be nonzero. edd one end branch 


CUE PPEGWLercom)c 1G: 3b> AEG B => 
wer Fetch NEXT 
PRE GHEecc umlC1Gi9b> + (PREGHfeccum)CIG131> © 1)C1S10> NENT 


Gvite. 


XITve 
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PL - mretempes?rac> 


END: 

HEGEIN {1f mecum Is nonzero, add tuo and branch 

CIF PPEGWIaccum)¢16:20> NEQ 8 #> !PPLGW gir | 
wferfetch NEXT 
PPEGH{ accum)C1Gs31> © (PREGHLaccum)<16139)) ¢ 2)¢1516> NEXT 
PC © srcimn<i7132) 

} 

END) 


!Process Register Test Instruction 


XEFie 


XUF = 


XPF ie 


XNF is 


REGIN . aransfer on sero eccum] efor 
CIF PREGW(Crccum) EM 8 => 
wferfetch NEXT 
PC © srotmp<h7132) 
) 
£ND) 


BEGIN !Tranafer on nonzero eccumlator 
CUP PPEGHI accum) MEQ 8 => 
wfarfetch NEXT 
PC + arctmm<h?iaz> 
3 
END) 


REGIN {transfer on positive accumulater 
QF NOT PREGWIeccum)<@> => 

ufarfetch NEXT 

PC + arctmo<)71352> 


END: 


OFGIN !trenster on negative eccusul etor 
CIF PREGHIeccumi<@> => 

xferfetch NEXT 

PC + sroimod<(71a2) 


ENO: 


Te ee ee te oR te tt Ce 


wm mee eee 
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GAEL tater tian 
Rare ne to define the shiff crerand field- 
harp tmliyre arc imps per 78) ® leelerts es register to contain @ shift count 


MACRO optionge srctmp(21126) 8 Sselecta » shift option Cleft. right, etc.) 
BACPO ehiftare  sretmps27:92) 6 lapecifles number of shifts 
MACPO aetdregr= pread © PPLGHLaccum) @ PPEGHlaccumOr2> @ ‘118 


HACPO putdregie PPFGHiaccum) © pread(O:31) NEXT 
PPEGHIaccum(O:2> @ ‘41 © sregd( 321638 


SMF)» REGIN $full word end double word ahifis 
! In double word shifts 
t 1f Hin evens PREGHIoccum) @ PREGHIeccum?!) ts used. 
t FH im odd s PREGUI Accum! @ PREGKIeccum) Is used, 
reselflags: 
pronly «© 11 noextend * di cfonly » Of ni trap = } NEXT 
honfetch NEXT 
(DECODE optian => 
\eo SaPFie BEGIN 
{DECOOE PPEGHCeccum)<@> 9> 


\e PPEGHi accum] + PREGH{ accum} *5°0 shifter 
MI PREGUCeccum] + PPEGH{eccum)] (SRI shifts 
) 
ENO) 

\O1 unspect 

\e2 SALFs© BEGIN Ser ithmetic left shift 
PPEGMLaccums<21391> + PREG eccumi<s:31> 151 shifis 
END! 

\8a unspec! 

\e4 SLPF is BEGIN {Losical right shift 
PPEGKaccum] © PREGHaccum! #S*) shifls 
ENO) 

\O5 SCOR += BFGIN {Cireuler rlaht shift 
PREGHt eccum) © PREGW{ accum) IRR shifty 
END) 

\@6 SulFoe BEGIN tLogical left shift 
PEEGWLaccum) + PREGHIaccum) 1518 shifts 
END) 

\er SCLFr= BEGIN {Circular left shift 
PPEGHleccum) + PREGHIaccum) IRL shifts 
ENO) 

\ea SARDie® = fEGIN Arithmetic right double 


getdeeg NEXT 

COR CODE peead<@> =) 

N@ pread + pregd 15P0 shifted 
\) pregd + pregd tSR1 shifts 


> AEX 
putdreg 
FENDI 
\69 Unspect 
yen SMD BEGIN !Ar iAbmetic left double 


artdreg ATX 
erwedt$s63> * pregd(1i69 tS 8 shifts NEXT 


mutdeg 
tno! 
N\A UnSHeECt ‘ 
\eC SLROre BEGIN ILogical right double 


Hetecteg NEXT 
rend * prend tSP@ shifts NEXT 
rutdreg 
EN) 

\OO SCPOr=e HTGIN ‘circular right double 
artdres NEXT 
prend © pregd tPF shifts NEXT 
rotdreg 
END: 

\OE SLLOi= AEGINA Hoyicul left double 
eteecg NEXT 
rewnd © pregd (510 shifts NEXT 
tuildteg 
END) 

\or SCID:= BEGIN tctrculer left double 
netdreg NEXT 
meowad © pread IRE abifte NEXT 


ruldreg 
ENOS 
NfO.11  unepeciunapeci 
Ni? SNie BEGIN fmormalize full 


PREGHI dally} « ahifte MERT 
anf loop: *OLCIN 


th Sepa SS 
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PLP CPPEGHE ac cum) OO NEO PPE GME compch>) 
OP CPPELH (tally) £1 => 
att OUT «hf NEXT 
Po GMb ac eumaC peas s PRE GWE ae cumPChs31> tSt@ dos 
PRP OWE ally d © CPPPOME telly) ~ Pie ttiG> MEXT 
sof loop 


END 
NO) 
N13.15 unsnecdunepecrunspect 
\t6 SCFie BIGIN Ighift and count ones 
eefloop: BEGIN 
CIF shifts EQ @ ©> BAILOUT shf) NEXT 
CIF PPEGHfeccum}<@> #> 
PREGME tally) © (PREGHEVally] 4 22<3E1 808 
shifts «© (shifts - 2110416) WEXT 
PPEGW( eccun] © PPEGWlaccus! 15L@ 1 NEAT 
acfinop 
e tno 
END: 
MI? SCCFie BEGIN Ishift circulae end count ones 


sccf loop: "BEGIN 
CIF shifts EQ. @ => BAILOUT shf) NEXT 
CIF PPEGW{ accum}(8> «> 
PREGWE Cally) + (PREGWI (ally) ¢ 19431809) 
shifts © tahifts = 114410) NEXT 
PPEGHIeccum) + PREGWieccum) tRL J NEXT 


accfloop 
END 
END: 
NIB.19  unspectunsperct 
\IA SNOre = =BEGIN {normalize double 


aetdres NEXT 
PPEGH tally) « shifts NEXT 
andloopte 
CIF Cpread(@> £OL pregd(1>) GND (PREGUI Cally) NEQ 0) => 
Praywl(1t69> ¢ pread(1i63> *SLO } NEXT 
PPEGHI taliy) © (PREGWI telly) = 19¢3218> MENT 


shdisop 
) NEXT 
putdreg 
ENDS 
SIF IE  unstec tunspertunsneciunspecs 
\IF RFtie BEGIN reflect 
getdreg NEXT 
rftloupie 
{IF shifis NEG Oe) 
‘ {1 © prend (di?) tle + presd?32> NEXT . 
pregd{0131> © pregd(Bidi> the dias ’ 


prend(32:63> © preyd(30169> 15h tha 
shifts © (shifts = 12¢30@> NEXT 


. r{tivop 
) NEXT . 
puldrey 
€NO 
} 
PND: fof shf inatruction 
Siifie  HEGIN Ishidt hal fuord 


ren@tflaqa) 

pronty © $1 mnoewtend ¢ 11 cfonly + 8) notreg ¢ 1 NENT 

hopfetch NEXT 

COL CODE op tian ©> 

\a@ SiRHie HEGIN far ithmetic right 
{DE CODE PPE OWL accumIC1G> => ; 
AQ PREGH ec cumPC1G19h> + PPEGHieccum)<16:91) SRO shifiss 
NL PPEGMCeccumIC1G:39> + PREGHl accum)<¢{6131> (SRI shifte 
) 


Luo 

\Q1 Una tie y 

\e? §ALHie AEC Jar Wibumetic left 
POEGME mc cUMICT TDD 6 PPEGH Cac cumi.' 7.351) ISLE shifts 
END 

\a3 unerect 

\O4 S| PHi=s = REGIN ‘loatcal right 
PRE THC eccumie 1619) © PPEDHC eccum)<¢16)31> tSPO shifts 
EN: 

Neh SUPHis  HEGIN fetrcubme or tetit 
PRE GH accumbciGi dt? © PREGH( a cum}C1619f) IPP shifts 
END: 

\06 SLIMem BEGIN Hogicel belt 
PREG eccum)C16s 31> © PREGH accom) (16:91) 166 shifts 
PRD 

\a? SCUHie BEGIN fctrculae heft 
PREGH ec comlCiGs 31> © Pe. Gil eccum) C1631) RL shifts 
ENO, 

Boke. «Geeks Sore eae ae er 8 ier a shGae mati oes pee oe opt oars gens ee 


ee A 


GYP AS. PS Peele ne er 160 Pl fet fb 14530 WD tf Sef MU-100 Pave 15-3 
SPUD) unspecsunsper sungper Dune Pec UAE e BINS PRC LUN BDRC FUP EEC TUNIS PEC IUNEPeC DF 
N12 SNH REGIN 'normaltre halt 

PPEGHE tall yd © shifte NEXT 


enhloopa  HEGIN 
CLE CPRE Gale comte dB NEO PPS Glee eum Ch7>) 


OP CPEEGUItmliy! 1 A) «> 

BALLOT sti) NEXT 
PREGH accum]¢§6:31> © PPE GWI eccum)¢16:31> tSLO So 
PPEGH{ tally) © (PREGWItally) - 131¢3110> NEX) 


anhloop 
ENO 
ENO: 
\13.15 unsrecsunseeciunspecs 
N16 SCHie SFGIN {shift and count half 


schloon: «REGIN 
CIF shifts EOL @ => BATLOUT shh) NEXT 
(1F PPEGHI accum)<¢16> «> 
PPEGHI telly) + (PPEGHICeliy? # 1)<3)10>) NEXT 
shifts ¢ (shifts - 1)¢418> NEXT 
PREGWi eccum) (161312 © PPEGHieccum)<16:31> 15L6 | NEXT 
achionp 
END 
ENO: 
\1? SCCHi=» BEGIN lahift circular and count hell 
scchloop: *REGIN 
CIF shifts EQL 8 => BAILOUT shh? NENT 
CIF PPEGWI accum)¢16> #> 
PPEGHi telly) © (PREGHIMally? © 21¢3)rO>00 
shifts © (shifts - 11¢418> NEXT 
PPEGW accuml<16:3$> © PREGHEeccumIC16:3!> tPL { NEXT 
ecchloop 
END 
END) 
MIG. IF unepectunspeciunspeciunspeciunspec )unspec /unspec /unspec 
i] 
END: Jof shh Instruction 


Gyr Ir 
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‘Lomeare Testrurtionss 


"TR one rae be ppeauued foe the purpuae nf the 7 and Mo mrasure 
teemulatian. AL] ceuntable artivety tabee wlece in cabled routines. 
(Ab ae HE GTN ‘Tom ace mlnebrete. ft) 
renetf{lags! 
pronly » 1 NEXT 
anpfetch NEXT 
fomsdd + ferctma MINUS PPLGW accum)1¢3218) NEXT 
EF + (tmp 33 COL Ob NEXT 
OF © WOT EF AND NOT tmp33¢32)) 
LF + 4mp33¢32> 
tno: 
CMHie = OFGIN ICompare algelwaic half 
resrtf lage) 
pronly « $ NEXT 
hopfetch NEXT 
tmp39 © Carctmn MINUS PPEGUE accum))¢32:0) NEXT 
FF © ((mpad £OC 1 NEXT 
Ur + NOt EF AND NOT tmp396329) 
LF» 4mpd9¢32> 
END 
CLUre = BEGIN ‘compare logical uiper bite 
reset flages 
pronly © 1 noewtend + 3 NEXT 
brieselect + @ NEXT 
Lopfetch NEXT 
CF * Cercimp FOL PREGHEeccumic2di al) 
Of + Osrctmp GIP PREGHT accum)<24:3i>)o 
LF © Carctmm 195 PRFGW accum)<241 31>) 
ENO! 
Cllie UEGIN trampere logical lowr byte 
reselllegs) : 
pronly © 1) noextend + 1 NEXT 
brteselect © 1 NEXT 
bopfetch NEXT 
LF oe Cerctmp EOL PREGNT accum)<24131>)) 
Foe Csretm G1: PREGW! ercum)<241 50) 
IF © Carctme LES PREGW! wccum)i24i 31>) 
END: 
CLF:= EGIN lcompare topical full 
resetfinans 
pronly «© 1) noewtend « 1 EXT 
unofetch NEXT 
(Foe faretmecs 32> EQ PREGH{ eccum!t) 
OF 6 ferctm61142> GIP PPEGHi eccum))) 
[Fo 6 Cmretmpcdrdc> LSS PREGWLeccum) } 
tNns 
Clie RIGIN feompare Jogicel talfword 
rene fides: 
peonly © dt onewtend © | NEXT 
dunfetch NEXT 
bf oe Carctmpcgzrde EQ PPEGH acum) C161 a12)? 
OF © ferctmocier3?> GIR PPEGW! eccum) (1619)? 
LF © Caretmpcy7t32> LSS PPLGHL ec coml¢16:3)>) 
END 
CSFes  WEGIN {Compare masbed full 
reset? least 
peonly © Yt noewtend © § NEXT 
sanndetchy NEXT 
EP oe Claret C1 92> AND BASE) FOL I PPEGHIeccum) AND BASKPEG) Is 
Oo e Charetmecy132> AND MASP REG) GIR CPREGH accum) AND MASKREG) I) 
Poe Ufsrctimpc):30) AND MAS REG) 155 (PREGHTaccum) AND AASEREC)) 
LAD: 
CG HOGEN 'Compare masked hulf 


femmes SECRET ae ae ame ne 


Poumt flan 

prondy © db nnextend © 1 MeEt 

benofetehy NOT 

ER} tlsretmp $2133 AND MASPPEG PB 31>) CO 
(PPE GME ee com] O16: 31> AND MASHPEOCIGI FLD E 


Ch gett ad « 


Gris 


CGFisr 


CGHie 


ATH» 


POP Ty SP Or cite iat my pt) PP Feb CH Pye at WO ESeC AU 160 
OF 6 Ebgretepe deed OO BAS PLO EG: 10) GIP 
EeUE EU eee BoYf Vie beth MeeSE REL EG Vth de 
PP there ta eh AND BOS REG PR} J1d) 15S 
VRRP GHi a. mel Tbr d) aa Bote Pe Tha dbo dd 
tANno 
HEGIN 'Comeare gate. full 
reset lage: 
peanly «© J NEXT 
voofeteh NEXT : 
dstimo « Csretmp MIS PRELUT ac cum)t¢97:09 NEXT 
(DECODE Idattmoachs WG de Lime.) OP MASIPLGCO8? => 
\e GIGIN 
{Uf dettep<t? => detimp © TMINUS dattmp)<¢32102) NEXT 
CF + Cdatimp<es192> EOL MASYPEG)) 
OF + Cdatten<iid3c> GIP MASYPEG)) 
LP © Cdetlap(i132> 15S MASKREL 
TNO: 
M Ore 
J 
END? 
weGth Compare sated half 
revetflegr 
pronly © J NEXT 
hupfetebys NEXT 
dattogy © Care ting MINUS PRE GNI Accum] )¢3219> NEXT 
{DECOOE CdsttmpecO7 NEO eettmn<d>) OF MASKREGC®) @> 
\e BI DIN 
CIF datimocd> => dattme © (MINUS dattmp)¢32;0)) NEXT 
EF © Clmttmpcd:137> EQL MASKREG)) 
OF + ‘dattme<!:32> GIR MASKREG)) 
LF * Cdattmp¢1132> LSS MASKREG) 
END) 
\t OF + 4 
) 
FNDI 
HEGIN 'Madify and teat half 


reselflegs! 

pemodz ¢ 1 pronty © | NEXT 

hoofetch NEXT 

4420 * eccum NEXT 

CTP accum(Os © > Ld2¢0127> 6 OFFERED) NEXT 
datimp © ferctmp ¢ 371C3710> NEXT 

var Abas 

FR «& Cdedtmpee $6032) FOL 0) NEXT 

OF © UNOT FF AND NOT dattmpci6>) NEXT 

(Fo ¢ dattoneiG> NEXT 

CEs CCdwttmrceOi 22 NEO SPFEFFD) AND Casttmn(B1s7) WO OB) NEXT 
(7F CF AND NOT OF «> {raptleg © J} 

tNDa 


Pew 36-2 


cone 


JuHie 


Pirie 


PtHre 


tie 


COs 


Rifie 


PiHie 


ANI: + 


ONT is 


Te eet ae PRE DAD SU bet Boi. MO) Sef PO 
ater . 

teh “Pur daaeve or bel] 

tere lien: 

pee bet De be fe Mi eter 6 La neeetond © TP MET 


wortetch NEAT 
POLGHLacrum) © sectmpé bi ac) OP PREGM! ercue) 
NO; 


GIN TIncluarve or helf 

reserfleqss 

eranky «© 1) cfonly + @1 notrep © ti moecterd + 3 Meat 
nor, teh NEXT 

PRP GU hare ual o§G19h> © erctep 1) 2132) OP PPCM eccum)<16131> 
€ ND" 


NtGtIN ‘cpplece Inclusive or ful) 
eemodr + tt praniy © } NENT 

woptetch NOM 

dettao © PREG accum) OF eectmpc)i32> NEXT 
var th 


ENO: 


tte GIN Ireplece inclusive or half 

evmcds * 1) weoniy © § NEXT 

hopdetety NEKE 

Jetimgo © PPEGMleccum)¢16631> DF arctmpci7132> MEAT 
wer tbs 


NOD 


BEGIN 'Cvelusive or full 

cesetfleqs? é ; 

t.undy © 1s cfonly = 81 notram © 2) noentend © 3 NEXT 
uopteteh WEXT 

PPEGKEaccum) © acct 32> KOR PREGMCeccum) 

END) 


ALGIN 4Evclusive or half 

reeet{ lage) 

pronty © 41 cfonly © OF nvirap © 1) nowntend + 1 WELT 
hopfetch NUXT 

PPEGH mccumls$G. 39> © sretmn(17132> KOR PREGHE eceuml< 16:31) 
(NOL 


BLGIN ‘replace exclusive or full 
exmod? + 1) peony © J NEXT 

worfetich NET 

dstiap » PPLGHiaccum) KOR srctmpel132> NEXT 
wrth 

END: 


REGIN treplace exclusive or half 

temods = Jt peunby = 2 NEXT 

tepfetch NEXT 

dst (me © PPLGHEaccum}<16:31> YOR srctomci?132> NEXT 
ver thw 


END: 


aGtW Vand full 

teaetfinass 

peonly © Ji ectunty © @ notrap © 1) neeetend + J NEXT 
vorfeich NEXT 

PPEGM i eccum) © sretmc)1 32) AND PREGHL acum) 

{NDI 


BEGIN ted bel 

rere( (pags! 

feraty © Tt efoniy © OF notran + 1) nowetend + 1 NEXT 
hayetetch NEXT 

PPEGMCarcum) 16:9) 6 arctmpe6$72197> AND PPECUeccum|<ibi ad? 
tND: 


AEGIN trenlae ard full 

eemodr : ti proniy © | MEX 

worfetch NEKT 

dattrs + PREG! taccum) AND arcten’1:32> NEXT 
wte 


[Nu 


Peeve 4°34 
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DN BEGIN treplare mod hall 
vemod? * Jt peonly « f NEXT 
bepfetch NEXT 
dott 6 PPE GHD acum) Odisr 31> AND arctamei?:4e> NEXT 
vor thya 


PND: 


ssrre BEGIN Yselective substitute full 
crendz > jt pronk; © |} NEXT 
Hopfeich NEXT 
dettimp © (sretmp():32> AND HOT BASKREG) OR 
(PREGHI eccum) AND MASKREG) NEXT 
wrth 
ENO: 


Fe TREE GE Re nee oe eR eM Ea te 8 D SS en ha eee es eee m > Se = 
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‘Ret manipelation mmatructiona 6-39 


Sale 


RBIie 


WSZi8 


S06 


TSli= 


QGTW Het hit ta he) fuard 
eemodr © | MENT 

hoofetets NEKT 

dattimp © srctmp NEXT 

bitdatlaceum] + $ NEXT 

we thw 

FRDE 


BLGIN 

cemodz * 1 NEXT 
hopfetch NEXT 

dsttmp * arctmp NEXT 
bitdstlaccum) © @ NEXT 
wr (he 

ENDE 


ry 


OLGIN 'Test bit end skip If zero 
eemod © } NEXT 

hopfetch WENT 

CIF NOT biterclaccum) ©> PC + (PC 4 2)415:8>) 
END) 


REGIN {Test bit and skip if one 
trmode + 1 NEXT 

hopfetch NEXT 

CIF bitarclaccum! «> PC + (PC 4 2161618)? 
CNOs 


RFGIN {Test and conditionally insert/skip 
evmodz + 13 proniy © | NEXT 

hopfetch NEXT 

(1F sretmp EQ 8 ©> PC + IPC + 2)¢1510>) NEXT 

datimp © (erctmp617132> OR PREGWI eccum)<16:31>) NEXT 
we thy NEXT 

effadd + PC NEXT 


riw WENT 

PC + (PC 4 2961510) NEXT lexecute another instruction 
evecule + | fend disallow interrupts 
ENO! 


Cea cette tS wha tee 


Pege 18-1 


— ee 


Gre. SPEEA LNCNAD eC TAD 23 Feb-78 11138 WO} Sel PU- 160 
tfnemat cngteuctiongs 

tMarce on to define format operand Creldar 

Mull deatie erctmel 171209 6 

PALPO oplre srcimpl 25:26) & 


tMecro “shifts” from the shift Instructions is else used here 


FEF i= BEGIN IFormat evteact full 
resetflage: 
proply «© 11 cfoniy + 81 notrap + i noextend + | NEXT 
hopfetch NEXT 
{DECODE opt e> 


\a dattme © PPEGHIeccum) t5P0 shifiss 


NI datimp + PPCGWI accum) tPR shiftes 
\2 dattmn © PPEGWteccum) tSL@ shifisr 
Wa dattap ¢ PRiGHl accum) IRL shifts 
Y NEXT 
PPEGHi dest) « (dattmpd):32> AND HASKREG) 
tno: 

FEH+> =AFGIN {Format extract half 


resetflags! 

pronly + $3 cfonly + 8) noltrep + 11 noewtend + | NEXT 
hoofetch NEXT 

(DE CODE opt => 


\a deiimp © PPEGHI eccum)(16:93> 'SRO shifiss 
Ml dsttmo © PPLGWlaccum)<¢16:3)> tPR shiftes 
\2 dsitmo + PPEGW(mccum)<16:31> 1SLO shiftes 
\3 dattmo © PREGHCeccumI<]6:31> IRL abifts 
) NEXT 
PPFGHI dest C3619) © Cdettep<)7:32> AND MASKREGCI613)>) 
END) 
Fifie BEGIN \Format insert ful) 


resetfleas) 
pronly * 1) cfonly » 81 notrep » 1) noextend + 1 NEXT 
hopfetch NEXT 


(DECODE opt => 

\a dst(mp o PPEGWI accum) (SR@ shiftes 
M dstt(mp ¢ PPEGWIeccum? tRR shifte) 
Na dstdmp ¢ PREGW(eccum) (SL@ shift: 
\a dsitmp «© PREGW(eccum! IRL shifts 

) NEXT 


PREGHI deat) + (PREGWi dest) AND NOT MASKREG) OR 
Cedatdmnt1a2> AND MASKREGT 


ENO: 

FiHie BEGIN {Format insert half 
reuet(ians! 
pranly © 1s cfomly + Os notrap © tt noextend » 1 NEXT 
honleteh NEXT 
{DECODL opt => 
Ne datimp «© PPEGWCaccum}(16:91> SPO shiftes 
Ml dsttmo + PPEGH{ mccum1((6131> PP shifter 
N2 dattmp ¢ PREGM( eccumh(i16131> tSLO0 shifdar 
\3 dsttmp + PREGCH[ accumb(1G:31> IRL shifts 
1 NEXT 


PREGH dest )C16:31> + (PREGNI dest 1<16131> AND NOT HASHREGCIE: 31>) 
OP Cdattme<c) 7:32) AND MASEREGCI6191>) 
END) 
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Grble. TSP L RA LAr re pel AD 73 Feb: 78 $1190 WOISeCM-100 Pace 26-4 
{Praaramr level change Instruct tone 
TxPis REGIN Hal) ececutive pragram leve} and Lenk 
CIE FE PND CAPL FOL 21 ©> FE + @ NPET BAILOUT tewec) MENT 
nofdingag * fi penndy © £2 noewtend + | NEAT 
hfe dict NET {This operand (8 passed te the new pel. 
(OLCODE LC => 'LC comes from the indicator register 
\o Savregss 
M1 faved 
) NEXT 
HUASCPAGE | CXPLE'4¢04" 3096191 0>)¢217) © APLY !pens link operend 
HAASLPAGE( (XPLe°404°30 9611109) © ercimp6)7132> NEXT 
PLLPEG + BASEPAGEI(CXPL @ °20) * °$8)¢)0082) NEXT 
PPL « APL NENT 
CIF NOT aretmnch?> =) 
(DECODE APLCO:14> => {reset stelus bit for active p.]. 
\@ PSITAPL“S21S>) © Os 
Ml PS7IAPLS215>) » © 
\2 PSSIAPL<C215>)} © O81 
\3 PS4(APLC215>) « @ 
i) 
1 NENT 
(DECODE XPLYBI1> ©) Inet the status bit for executive p.J. 
\e PSLEXPLE2:5>) @ Oe 
Mt PS2EXPLE2Z15>) © Ib 
\Z PSIIXPL<2:5>) © |) 
\3 PS4tePLCZ16>) = | 
> NEXT 
LLiie 4) PLLFF + ty Yset pole lock 
APL « XPL NEXT fchange pil. to execulive 
(DECODE C => !L iw in the PLLPEG = loed the new registers 
\a ()oedrens) Joedpcer # LOCKPLAR + B)3 
M (londr eps) loed4pears LOCKPCAR + 1)3 
\2 (loade@) loadpear + LOCKPCAR « @)) 
\3 (lowdr@) loed4pears LOCKPCAR + 1) 
' 
NO) 
¢ 
‘ 
’ 
Ss cgi a re me ee a 


sem eee ey 


Gib ie. 


TOPia 


ISP ERA TOCA bal MU- 100 73-Fets 76 11:30 Wn 1SeCMU- 100 Pege Z1-] 


TEGIN {Call eroarem lavel and link 
CUP EE AND Cam EQL 27 «> FE + Q@ NEXT BAILOUT terec? NEXT 
peooly «© Pio nnfbaqe & Li anevtend + 1 NEXT 
hoofetch NEXT ‘This operand pets passed lo the new pl. 
FOE nODR LG «> 
Bact rel 
saved 
) NEXT 
(DLCODE sretmpc1B> ©> lind hit of operand determiner catled p.i. 
a neupl © HOASEPAGLECAPLE*4Os°30 Ep OD 1CI GIST ICPL im PLLREG 
M neup) + 63 
) NEXT 
{emt up PLLREG of called p.d. 
BASEPAGEE ((nenp) ® 728) © $8061 OS161G:99> © preted i7132>) 
HASEPAGE DC (neup) #920) © 9 1B118181C227> © APL NEXT 
CIF NOT arctmp<1?> @> {MSE ef operand deteraines slatus ef current p.}. 
(DECODE APLC@:1> > {reset elatus bit 


3) PSITAPL(2:5>] + @7 
Ml PSZIAPLC215>) © Ga 
\2 PSITAPL<2:5>) > @1 
\3 PSI APLC215)} > @ 
) 
Y NEXT 
COFCONE nesedsOrd? > feet stetus bit af new pid. 
\@ PSI newol<216>) © 4) 
M PSPinewp)<2iGS>) © dh 
\2 PSA nawpl<2ib>) © Le 
\3 PSV newe)<2:5>) © | 
) NEXT 
CIF pretmpsi9> »> \2nd MSB ©> pet queue reg. of called pid. 
{32 + BASEPAGE! ((newp) » °20) ¢ °$9)¢1010)) NEXT 
BICC D2 arcdom<26124>) = J NEXT 
BASEPAGE { ((newp) © 28) + "18)¢1810>) + 432 
) NEXT 
LLL + Os PLLFE © © NEXT lreset the level lork 
euction NEXT ' {find @ new neds by ection (way or 
tmay not be the celled level) 
PPL + APL NEXT : 


APL © nei] NENT 
PLLFEG » BASEPAGE I ( (new) & °70) * "1806101001 NEXT 


(DECODE C => 

\o (loadregs) Inadpcar | LOCKPCAR + @)1 
Ml Qloedregs! Isedipcar! LOCKPCAR + 11 
\2 Qlomde 8) lowdpcer + LOCKPCAR + 6)) 
\a Cloadre®! load4pcers LOCKPCHM + 1) 

y 

END) 


a wae 


Grr. 


Tikts 


SPL YF LACAN al MU 100 a-Fe': 7@ th:30 W15eCHU-100 
HIGIN ‘Tie croaemm eve) and Link 
CVF ED AND CAPE FOL 2) 83 EF 6 @ NEXT AAILOUT tevecd NEXT 
Cor ivebb NEXI 'Gemirs ivelened inatructian 
pronky © Pt naflags «© fi naeetend « | NEXT 
hingefe tects NE MT Vink ar qument 
(DECQDE LE => ILC Ip in tndicetor register 
\a Favregal 
\! savre@ 


VI 
nevp) © HRASEPAGE ECAP e°40¢°902¢151039¢101 15> NEXT 
HEASE PAGEL Crew) 4089390061 110016217) © APLY 
HBASE PAGE Cmevplw74Oe' 31141182) © sretepci7sd2> NEXT 
MLLREG © BASFPAGE! (inewpl © °28) + °1B8)¢10;0>1 NEXT 
PPL + APL NEXT 
CIF NOT erctmp<)7) a> 

(DECODE PLCB11> => 

\a PSIITAPLC215>) » @) 

\J PSZIAPLL215>) » @) 

\2 PSS{APLC2165>] » 


\3 PS4{APLC2:6>) » 0 
i 
Y NEXT 
(OL COOE newpl<Ort> 0d 
\8 St lnempl<2iB>) © 11 
Al PE2tnempl(2ib>) © 11 
\2 PS Ilnewel<21G>) © 11 
\3 PSN neupl2ibdd © 1 
VONEXT 
APL + newnel) 
LL] + 2) PLLFF © 1 MEXT = teet deve) lock 
(DECODE € ®> 
\e Qloadregs) loadpcar | LOCKPCAR + @)) 
MI Cloadregs) loaddpcar) LOCKPCAR + 1) 


\2 (loedeQ) londpca i LOCKPCAR » @)1 
\3 {JomdeO) load4pear i LOCKPCAR » 4) 
’ 

END: 
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TOPr=  HEGIN 'Teat and condi(innelly reset /skip 

wemody + 1 NEXT 

CDELODE a-fend «> {oompute operwid addiess 
(9V 6 | NEXT pvinletion)s Tmode 6 not allowed 
direeth 
relatives 
Indirect 

) NEXT 

COLCNOR ef faced GIR °F > {Special adc esses 


ALEQ3F «BEGIN 
\temt for invelld address 
(IF (effadd GIR PIF) AND Ceffadd MEQ °32) ©> setiv) NEXT 


repy NEXT fread the operand 
(OLCODE arcimp EO @ ©> tnonzere opermnd - 
\NCQ@ BEGIN {find the first one, resel it end skip 


teocie + @ NEXT 
37 + eretps)132> NEXT 
far lie (DECODE bittaziimmcir<317>) > 
\e (impetr © Uimpctr + 194710) NEXT tar bids 
M {PREGWI accum) + tapetrs 
BEACIZT tempt 30 7>) © @ NEXT 
datiap » (32 NEXT 


wretw NEXT 
PC + (PC ¢ 23¢1816)) 
’ lend tart 
END: lof nonzero specie] address operand 
fzero opennd - p.J. chenge 


\EQL@ = BEGIN 
(DECODE APL<Q:}> => Sresel APL status bit 


\a PSICAPLEZ1H>) © yu 
a PBCTAPLE2159) + OF 
\2 PRILTAPLC215>) «© Os 
‘ \3 PS41APLC2:59) + @ 
+ NEXT 
LLD + 6) PLLFF + 8 NEXT 
step {find enother program level 
END fof zero special eddress operand 
) 
€NO) {of apecieal eddresses 
\GYRAF BEGIN operand address is larger than °oF 
row NEXT 
CIF arctmp NEQ @ => 
BEGIN Inonzero memory operand 
(mpctr + 0) 
432 + arctmp<}:92> NEXT 
toll treset the first “one end skip 
ND Jof nonzere memory eper end 
1 fend If 


'UF we pet here. then the operand is from memory and =6, 
(Which causes @ noop. 
ENO 

J 


END! fof TOR 
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{1/0 Instructions 


AALEO Devicet= sectmotebrav> § 


MACPO Commands s sretmnch7124> & 


DEVie 


OEXis 


TTRis 


EGIN {Device command 

pevehk NEXT 

dt + @ 

noevtend + 11 noflage + 1) pronly «+ 1 NEXT 
honfetch WERT 

lodevicetdevice) © commend 

'Timpout in 18 ue, dt + 1. bailout dev 
END: 


REGIN {Device command and awit 
prvchk NEXT 

dt + 61 

noestend © ti noflags = 11 pronly © } NEXT 
hopfeteh NEXT 

Jodeviceldevice) « command NEXT 

{Timmout in 10 us. dt © 1. batlout dew 
(DECODE APL<O:9> ©) {reset APL status bit 
oO PSITAPL<215>) © @) 

Ml PSZ(APL<215>) © 

\2 PSIIAPL<216>) + @1 

\3 PSII APLK21S>) » 0 


> NEXT 

LLL + 6) PLUFF + @ NEXT 

RHAp {Find # new program level 

CNO1 

HEGIN !input {o register - parity checking not implenented 
prvehh NEXT fpr lveleged inutruction 

le 6 @ tparity error bit 

dt + @ ttimeout bit 

pronly ¢ J) 


nnextend © tt 

neflegn + 1 NEXT 

hopfetch NEXT 

Ampetr © @ NEXT 

PPEGHI wccum) © NEXT 

(DECODE (davice NEO 1) AND (device NEQ 2) e> 
i 


CIF device EGL | ©) PREGWI accum) © monitor)s 
{TF device EQL 2 «> PREGWleccum) » melnireg) 
” 


tte Ipre 


OF Ris 


CIF tmpetr LEQ @ «> 
PREGWI accum] + PREGWI accum}<H: 31> @ Inport device I(118>1 
tmpctr ¢ (tmpcte + $90718) NEXT 


itr dp 
Hy 
’ 
#ND) fof ite tnatruction 
BEGIN foulput from register 
prvchk NEXT {priveleged instruction 


dt + @ 
huewtend « @) pranky * J) noflage © 1 NEXT 
honfetch NEXT 
(DECODE device GIP 2 =) 
\e Bt GIN 
UIF device EQ 4} => 
monitor © monitor OR PREGHI mccum))¢ 
(IF device fQL 2 => 
monitor + monitor AND NOT PREGWI accuml) 
END) 
Nip BEGIN 
jomorti device) © PPEGHIaccum!<B17> NEXT 
Jopor tl device) © PPP GWiaceum)CMi 15> NEXT 
topor Uldevice) « PPFGWlaccum)¢16123> NEXT 
fonertldevice) © PREG eccum)<24) 41> 
FND 
’ tend of decode 
ENDI 


ee an Att eas a RR, lat ate ee BO aol 
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Hi xcelinaneoys instructions! 


HWitie BEGIN This ts @ petveleoed instructron tn GYKI2 
1 pee hk NET Fo: etmubation aalke. this is an none ivelened halt. 
CIF Caecum FOL GO) OP (larcum AND cle} MEQ OD => 

stor 

s) 
END) 

MoAr® = BEGIN !Hemory bank assignment = nol Implemented 
prehby 

t nod described here 
€NO! 

(001= BEGIN {load cell destination 


sprivch NEXT 

pronty * i noflags © § NEXT 

hopfetch NEXT 

HAASEPAGE 1 CARL ©9404 9209611109768: 15> & srcetmos25132)) 
PLLREGSBr15> © arctmpc26:32> 


tNO: 
LLOie = =ATGIN Havel lock set 
apr ivebk NEXT 
CLI} be LPF eo 1 
€NO1 
LLR:> BEGIN HLevel lock reset 
ULI + Q@) PLLFF + @ 
END) 
OlGie fCGIN {Diagnose - nol implemented 
prychb AFXT 
CDECODE accum{219> =) 
\8 PC + opedd! 
Mi unespect 
- \2 digcode + ofedd(@:15>eaccums@:1>) 
\a cpulou * epadd(!41!5> 
) 
ENO: 


boat Sehgal 


be ke se SeeciGep teste o> a deeds Sh eR eee ork ae 
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leThis poar ts full of babs. 

{Flonting Pont Option for GYk-1? 

!Ondy feeerd poral aprration te pei fora 

fcoreditean codea are cesete. bul ant set except in FCAT ome e) 


fadin AE GEN 'Elamting add td lon 
reselflagn 
noiran * t t prondy © 1 NERT 
wopfetch NEXT 
dsttinn © PPLGK accum) ¢ or clid)1392> NEXT 
! set conditions codes 
PPEGWiaccum} + dettepc):32> 
ENO) 


fomes REGIN IFloeling compere 

resetflages 

notrap > fo) pronly © | NEXT 

wopfetch NEXT 

(DECODER wrctmoc)> EQL PPEGH{ accum}<@> => 

Nno {Of © NOT srctmncis 
LF + aretmecd>ds 

\vus (dettmn © (aretm<)1a2> - PREGWIeccum)) NEXT 
EF © Cdsltme<ti32> FOL @) NEXT 
fF + (NOT CF AND NOT dattmpc i>) NEXT 
CF ew dattmpdi>) 

! 

{ND . 


fdvi=  PEGIN IFloating division 
renet(iage: 
nolrap * Jo) pronty © | NEXT 
wopfetch NEXT 
(IF erctmecd132> EGL @ => BAILOUT fdv) NEXT 
tl © PREGWIaccum)<a> NOR ereimp<id NEXT 
CHP eretmpdd> o> aretmp © MINUS eretmpc!i3z)) NEXT 
(DECODE PPEGHE aL cum)<@> &> 


\p {edd © PREGWLaccumls 
\n (evad © MINUS PREGH( accom) 
INERT 


dettins © CCimpad @ OC8610>) 7 arctmeds1922)¢39218> NEXT 
CIF A$ => dstimp © CHINUS datimp)¢3110>) NEXT 

| eet conditions codes 

PPEGWiercum) © dettmpe{1az> 

END) 


fore  HEGIN {Flonting multipy 
renet (lage! 
notrap + fot opronty © 2 NOT 
sopfetuh NEXT 
tle Carctmmc$> OP PREGHC accum) 60>) NEXT 
CIF mretmpct) => erectmp «© MINUG erctep61137>) MEXT 
(DECODE PREGWI accum|<O> o> 


\r {mp33 + PREGHI accum}s 
\n {mn33 + MINUS PREGW{eccum) 
NEXT 


ten © (feretmm © tmodd) tPA 16169000) NEXT 
CUP th ©) tmp GG + (MINUS (mpGtir<6h10@>) MET 

{ rel conditiona codes 

PPLGHLeceum) © tmphhe 3110) 

FAD: 


febow TEGIN {Floating eubtr ec lon 
remed (lager 
notrap «© Job prondy © § NEXT 
wopfetch NEXT 
dettmp © PREGHI accum) - arctmp<ii32> NEXT 
4 eed conditions codes 
PPEGM[accum) + dattmp<iide> 
END) 


seit z ay 
coe peppeema nate IETS ede as ten ac elation BP bases ety ET, 


_— 
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f}neteuclion tetch and execute cycles 


ifetebs eli GIN 
eb fadd » PC NEXT 


rove NEXT 
PO + EPO 4 Frcs @> 
END: 


finetructton execution 


fereci® HEGIN 
pronly © @) evmodz + @) notrep + @ 
noflags © @) nuentend + @) execute > @ NEXT 
(DECODE apende ®> 


nop) 1 "Aono operation 
{net "al "Ol + "AS ts floeting point opcede 
fom) “92 ote 
{dvi "03 
frp °04 
. {uhy “as 
hoit "AR pol is @ undefined Instruction ; 
noll “oe? 
Apr) “08 = add full ’ 
SOF. "89° subtract full 
AL) "OA edd loytcel ful) ‘ 
SLT) "OR = subtract Jogical full 
MPF) "ac multiply full 
DIF} "OO divide full 
RAF) “OC replace add full 
Pot “Of replace subtract full 
cory "19 compare algebraic full 
Clu "LL cumpare logical upper byte 
Clr "t2 compare loaical full 
core "19 compare uated ful} 
csr “14 compare selective full 
tory "1S inclusive or full 
for “1G 0 ewrclusive or full 
Ant “1? dopieal and full 
ners "18 0 formal extract full 
FIF) "$9 formal tnnert full 
Sut t "IM shift full Cand doubly? 
Port “10 rendace square riot?? 
AAT "10 Get Ail in Halford 
PIF: "1D replace inclusive or full 
brrs "HE replace exclusive cre full 
PNT "HF replace Jogical and full 
LOrs “20 Jomd dole full wierd 
Lous °7)) load from unper byte 
Lars “22 Mnad aleolute full 
LCFa "290 lord tuv's complement helf 


SDU: fu plore inte unner byte 
SOrt “¢h galore date full 
Heri e? Move oll zeroes, full 
nobles 
node 
noid 
noid 
noir 
MIUs 
tury 
Cita) 
MERE 
Wk 
KLFO 
xPr 
xn: 
Lately 
ktm 
15? 
Ors 
TTR; 
Hula: 
OG1 
TRY 
THA 
nol) 
nos 
UtRs 
note 
mote 
nove 


°7D oo mive into upper byle 

“TE exchenge full 

Selective submtitute full 

“Ho uncanditionel trengler 

‘3! transfer on (emt awitches 

“32 temnsfer on zero accumulator 

°39  tranafer on positive accumulator 

“39 condi lionel tranefer and decrement by 1 
“Jy conditional tronefer end Increment by ft 
“Hi evecute 

"3? ret hit and skip on 6 

“300 Device tommand (pr iveleged) 

"39 Input to regtater (priveleged) 

"aN rondificnel halt (unconditional in this isp) 
“JN Dimanose (privelewed) - uot implemented 
"SC fell executive PL end link 

“3 Vie PL and dink 


“40 level lock reset 


noid 
nolt 


{ 
! 
i 
' 
{ 
t 
! 
t 
! 
! 
! 
! 
! 
| 
| 
| 
! 
! 
| 
| 
| 
| 
! 
! 
I 
! 
! 
t 
| 
t 
! 
! 
{ 
! 
1 
LH) 1 "24 load moot helf 
t 
i) 
! 
! 
! 
i 
! 
i 
4 
' 
{ 
i 
! 
{ 
! 
' 
t 
' 
{ 
{ 
| 
{ 
i 
t 
1 
! 
1 
! 
! 
! 
! 
{ 
! 
notte 1 


> ee ome = 
ete eee Pee 7 ee Rh - een heed = 


Gvb |e 


TSP be Patent del Bh LAO 


nai 
ADH 
Ae 
del tee 
Gly 
falMn el 
DI: 
Prite 
PSH: 
CMH: 
ctha 
CLHa 
COs 
cS 
10Ha 
EM 
ANH 
FM 
ria 
SHHI 
1QP) 
PRT: 
PIH) 
PCH 
PAH) 
LOH) 
Ma 
Lae 
(CH) 
SMH) 
SDL: 
a SDHt 
M2Hi 
hold 
nots 
nole 
holo 
nore 
M3L3 
buy 
MIH: 
wLKS 
NING 
XU 
XNFY 
x0Y) 
xi: 
Tel) 
150) 
OFX) 
OFRy 
HAL 
Liou 
TCPy 
nos 
noll 
nol 
Y NEXT 


i 
' 
1 
! 
t 
1 
! 
! 
' 
t 
{ 
t 
! 
' 
! 
! 
! 
! 
t 
! 
t 
{ 
{ 
! 
{ 
1 
! 
! 
t 
{ 
{ 
! 
{ 
1 
t 
! 
! 
! 
! 
! 
{ 
{ 
| 
t 
! 
! 
! 
! 
{ 
{ 
| 
! 
! 
! 


"4? 
“4A 
aq 
"40 
‘an 
“41 

map 
1s 
"ar 
“5A 
"St 

°S? 
“ba 
°44 
“6h 
“5h 
SOc 
“oa 
"$9 
“6A 
"5A 
“5C 
"SD 
“SE 
“vF 
rt) 
6) 

“he 
"p34 
*64 
“Sh 
“66 
“6? 


{If ewecutl@ ©) texec) 


{NDI 
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ald half 

eebtemr t half 

weld low cat halt 

weibete ne t logic am) bol f 
multupdy tal! 

divide hall 

replace edd half 

replace avbtract half 
compare aluebraic half 
compare logtcal lower byle 
compare togicel half 
rompace galed half 
compare selective half 
Inclusive or half 
ercilusive or half 

loatcal and half 

format extract half 
formal insert half 

shift halfuord 

(eat and conditionally reset /akip 
resel bit in halfword 
replace inclusive or half 
ceplace exclusive ar half 
replace logical end half 
lnad date hal fuerd 

load from Jower by's 
Jnad whaclutie half 

lond tuo's complement half 
store most half 

store Info lower brie 
store date half 

Move all reroes, half 


move into lower bile 

evchange half 

modify and test half 

transfer end Link 

frenefer on indicators 

transfer un non-zero accumulator 
tranafer on negative accumulator 
conditignal dronsfer end decrement by 2 
conditional transfer end increment by 2 
feat and cuneitionally insert /skip 
dest bid and ship on one 

device command end ewlt (pe iveleped) 
output froe register 

memory bank assignment (not implemented) 
level lock pat (pemicpr iveleged) 

cal) program level end link 

load coll deatinetion (semipr iveloged) 


Irestme( texec 1f axecute Instruction 


Paye 27-2 


ee we 


re res MO hile Se) vitel. 


VJe ter sunt wee yar eres 


tntire HiGdN 
OYE vedere =e wenden MEE 
CHP INTPieG © 100 WET 
(UF NOT PLUFE #> 
auction NEXT 
(DLT ODE Cr@> *> 
beve eqs! 
savrd 
NENT 
PPL + APL NENT 
APL + neept NEXT 
PLLPES © BSEPAGE ( Ctneup) # 
(OM CODE Ced 


om yw Weiter @e 1A 


Teelect neu prog om level 
Ther duae Initiated pil. chenge 


201 4 "4616181 @)) NOXT 


Claadregel loadpear 1 LOLYPTAR © Bhi 
(loadrege! load4pcars LOCIPCAR © $02 
(load 8) lnmedex or) LOCKPCAP © Bl) 
Choad @! lnmd4pcars LOLKPCAR > 1) 


s) 
Y WENT 
intflagd + @ 
1 
CAND: 


BREA Cel nonl! ehreak point atop here 
Teremnve efter debup 


fever der ei GIN 
tnt NET 
etch NEXT 
feyceli= les@o NEXT 


CM trepfleg ©) Icheck trap condition 


tratd © TPAPREGI 
{eapfleg © @ MEXT 
tered 


FNO 


ERALOED 


runte  HEGIN 
(VF NOT slaptit «> 


CIE PC eal bebpmt => trem) newt |eremove 


feycle NEXT 
tun 
) 
END 
d Yond af uvykl2. 
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4. AN/UYK-19 ISPL Description 


UP I9 TSP LET AL AAn BCU 1A0 73 feb-7B 1712? CarneCMu- a0 


' ANY 19 Ure19.°SP v ied 


' Thee ds the TOP for the PINA [hO7 CAM Ure 191 Commuter. 
: BAT Benton 
! a/2i/?? 


Vthrem types of instructions have been left out of this ISP, 

| discription of ¢he POLM 1682, They ere ° INPUT-OUTPUT 

t WITH ACCUMULATOP". “INPUT-OUTPUT WITHOUT ACCUMULATOR’, 

! ard “COOE-77 JO WITH ACCUM ATOM? (Figure 3-2) Peaw 3-14 

t of the “1692 RUGGED NOVA COMPUTER OPERATION AND MAlNTLNANCE®, 
{ 1974). Ala the ather 1/0 and interupl instructions have been 
t tncluded In this discription, 

{The decading for the “INPUT-OUTPUT” t5 @ bit mesney in that the HOR 

{ (le tented cerentediy to determine the inatruction, 


Single preciston Flnating moint enstiuctions implemented 
t as fixed potni. Entire INPUT.OUTPUT section changed from 
{ DECODES to IF stetements with BAILOUIs. 


POLM S666 Peeource Management Unit eddedi KL30 end WOIG 7/13/77 
! par4 ti ertthmetic., part in 1/01 Instr have seperate routines 


INDIPECTION HAS 10 BE STARTED BY HoR<S> 
MSP OF ADDR WILL HE TGNOPED IF EM<@>9C EXCEPT INOIRECTION 1S POSSIGLE 
HSB 15 IGNORED 
1F NECESSARY 
AUTO INCPERENT AND DECREMENT 18 ONLY POSSIBLE INSIDE INDIRECT CHAIN. 


Pewe 1-3} 


¥L30 8/1/07 


{v i.6 


\ 
! 
' ALL ADOR PEGISTER 15 16 BIT WIDE. MOOKAE 2116. 
! 
‘ 
! 


Device 1/0 and interrupt sequence added. (520. 


{Vt.6 COOK 77 1/0 WITH ACC ADDED 


NOVA: & 
CISTART ROLM 1b02CAN/UYK-19) 
DECLARE 


MACRO BRGIN +e ¢ & 
MACRO END ote) 8 


ACPO INER. PC ie POCO SED+ (P0681 1G544 15D 6 


Remar 101655951401 16>) 

PCCOIG ds 

HOP<@r Ibs: 

ACG) B1eOrtb>s 

ACO.O11E> ve ACTA B>) 

ACHO1S> pe ACUDDCOethon 

ACA COrIS> re ACIZICM IG: 

ACR O11G> += ACCT1COIS)s 

SP<0195>1 

Sle@eyGds 

SIATUSCO: 395 
JUNC Oo reSTATUSC Os 
THN. @> 19S TAUG! 5 So 
DVE CQ is STATUS EC? D4 
CAPR: O71 @STATUSC ID? 
EMCO eH TATUSC HDS 
5SyAD<B> 1 =STATUSCSD>s 

CPOnTG OS) 

INTMSP S01 15> 

SMLICHe a: HGoe 


TAP. NOOR COs 
THPADP Ord ss 


TMPHDP «© B1 15>5 


imp. fcineopt chs f6>s 
TMP. SHIF TEPC: 1B>' 


TMPOOE Re Ay LG oe 
TAPIPEG: Arison 
TAMDOUA F PEG. O1d2 vo 
TAPUSTON'@)4 
TAP ASTONE@D1 
THPINDIPECTCOD? 

Tone abot 

TO1<s Vda 

SIGN>) 


{Hain Memory 

{Program Counter 

'Memory Date Register 
!Accumuletor Set 
{Hrcumulmter @ 
Ifccurnuletor 1 
‘Accumulator 2 
{Accumulator 3 

‘STACK POINTER 

"State LIM 

‘Status of the computer 
Hhetecutte ON 

‘Hanching Intercupt sequences ON 
‘Werf’ nw bit 

tCarry bit 

"Expanded Hemary 
"EXECUTIVE MODE 

'CONTPUL. PANEL DATA LIGHTS 
TINTEPPUPT MASK 

'CONSOLE SWI] TCHES 


‘For No-ops 

TTL RERPY ADDPESS PEGISTER returns velue 
‘from EFFECTIVE. s0PESS. CALCULATION. 
‘TEMPARY Hemnry Date REGISTER transfers 
‘velue to ar from Memory. 

'Tempary buffer at input of Shif ls 
Nempary buffer et input 

‘uf No Load/laad Sultech 

(TERY PEGISTER aa 

{TY MPARY PLOTSTER o1 

(Tt PBAPY DUE PL GISTER 

'TEMPAPY SIGN HOLDER 

'TCH/RRY SIGN HOLDER 


‘Seve indirect bit SudlS 7/1/97 


UYPID.TSPER STAC lel MU 100 23 Feb- 7 12:27 CANDeCMY- 18D Pege 1-2 


' 


i 
' DEVIER PEGISTERS 
! 


DEVO TNPE GTA: TGoe "SOUPCE FP? TNPUT 


DEV, OUTPEG<O115>5 !DESTINATION FOR OUTPUT 
DEY. NUMDEPC@1S)3 TOEVICE NUMBER OF INTEPRUPTING DEVICE 
DEV, IBIT<Or1S>) {INTERRUPT BIT FOP EACH BIT IN MASK WORD 


{SET CAUSES INTEPPUPT IF NOT MASKED 


{ PESOUPCE HANAGEMENT 


MSPCA11S>: IMAP STATUS PEGISTER 
XNDCK> cm MSPCOds 1 USER MODE TEXEC MODE COMP) 
WEMCD ee ASPCID: ! EXEC EXPANDED MCMORY 
UEAC> te ASPC2)) 1 USER EXPANDED MEMORY 
XMD<> 12 MSPC3>) { EXEC DATA HAP 
UD4<> =o MSP C4 1 USER DATA MAP 
DMAC> ove MSPCS>r { Ona MAP 
Pod ie ASPB) { USER R/W/EXECUTE PACE PROTECTION 
D> t# ASPC?>} ' OLFER(INOIRECT) PROTECTION 
1.06> te MSPCBDs { 1/0 PROTECTION 
OP<> re ASR<9)) t OMA PROTECTION 

{ te MSRCIOy2d+ ft RESERVED 
USER<2:0>1eM5P¢139:159) | USER OP LAST ACTIVE USER(2-7) 


MVR< 01151 YHAP VIOLATION REGISTCR 

OMPE<> 1@ MYRC@)? | DMA PROTECTION ERRDR 

EPE<> se MUPCID) 1 EXEC PROTECTION ERROR 

RPEC> = t® MURK2)>) ! READ PROTECTION ERROR 

WREC> = te MYURC3D) 1 WRITE PROTECTION ERROR 

OPES> = t=» MYRC4)) !  CEFER PROTECTION ERROR 

IDPE<) ot HURCS)) { 1/0 PROTECTION ERROR 
PRPE<> te MUR“6)) ! PRIVELEGED INST PROTECTION ERROR 
SCPE<> t= MURCZ)) ! VIOLATION OCCURED DURING SINGLE CLYLE OP 
! se MVRCB112>1) 0 | RESERVED 
VUSER(2:@>1eMURC13115>) | LAST ACTIVE USER 


MPPLGIOS11)¢Or1b>) (MEMORY MAP REGISTER 
MS10>4 {MAP SINGLE INSTRUTION 
MSD<>s !MAP SINGLE DATA 

OATPEFC >? 1OATA REFERENCE 


TEMPICIS!@>) 

TEMP2C1S:8>8 

TEMPIC1510>4 

WMAP C2 10d u 

PHYADR<0119>1 

TRAP. INDE K<31 098 . 

VIPT. REAL re "VIRTUAL 10 PEAL ADDRESS TRANSLATION 


BEGIN 

(DECODE KADK => 
NHAPCZ1G> & Lt YEXECUTIVE Map 
NHAPC21P> © USERS 210 ‘USER MAP 

1 NEXT 


{1F UMS1 OP FISD} AND DATPFF => 
WiC 218) © USERCZ10) NEXT 
MSD + O NEXT MST + 6 
v NEXT 
{DECOOE EM‘) =) 
\8 PUYAURCA 19> 6 RAPPEG! CNTARC 21620649 TMPADRC 11 5>1C81 801661 15> 
@ THPAROR<61 15>) 
AY | PHIRDRCO1199 ¢ ROPREGI CNMAPC (1850640 TRPRDRCO15)9C8: 0166: 15> 
@ TRPADR (6: 15> 
’ 
END) 


READ. Hemoryte of Fill TMPMDR with date in Memory Jocetion THPAOR. 
OFGIN 
VIPT. PER NEXT 
THPAOP CA: 1S> © MEROPY I PHYADP <A: 19>1¢01 15> 
€NNs 


WRITE. Henaryie § Store THPHOR into Memory location TMPAOR. 
Ar GIN 
VIPT. PEA NEQT 
ALM TEPHIADR<51921¢81FS> © TAPRORCB:15> 
fND) 


NOPS = GUN 
YANO. = TMP. WO. OF 
tNOr 


Urb 19. ESP 71 ECAAA ) aCMU- 180 23-Feb-78 1212? CrogeCMU- 180 


ILLEGAL re 
NUGIN 
STOP 'm !}lega) tnstructeons should be trapped 
ENDG 


e 
P.OAnTALe 
HOGIN 
DATREF © § WENT 
PLAC. ME MOPY NEXT 
DATREF + © 
tNDI 


W.DATALS 
HEGIN 
DATPEF + 1 NEXT 
WRITE. MEMORY NEXT 


OATREF + @ 
{NDI 
! INCR,.OECR, Hemor y 
! INCR.MECR. Memory 
1 TNCR. OECR. Memory 
INCP.DECR. Memoryi® 1)>>Do the AUTOINTPENENT or AUTODECREMENT 


lof the special memory locations. 
CISTAPT INCP.DECP. Memory 


(DECOOF 1PADPCI2> #> !Decrement(=0) or Increment(el) 
LI MPHDRCO1 15° CTHPMIPCO1 15> + 12¢9510>)8 
CTMPADRCO1 15>— CT MPMORCO: 15> - 1901510) 

YNEXT TEND DECODE THPAOR< 12> 

CHR ITE, Memory? 


JITEND INCR.OECR. Memory 

tADR. FETCH Uses Var iebles IMPHDOR<G115>, THPADRCGIS>. EM<@>. 
tA OR. FETCH Unes Routines READ. Memory, INCR.DECR. Memory. 
tADR. FETCH 


AOR. FETCH ® {>>>Teke care of multiple Indirection, Return eddress 
{>>> of date te be fetched. 


CISTART ADR. FETCH 


CIF CCTHPAOR<@> EQL 1) AND (EMCB> EQL 8)) «> Hoadirect? 
i 
LOOPIie { CRE AD. Memory NEXT 
CUMPINDIRECT> TAPHDR<CO>INEKT [Seve Indirect bit 
twee ¢ 2-3 “How to Use the Nove Computers" Rev, 69, 1974 sadlS 7/1/77 
CIF CTRPAORCHHE]> EQL 1) => 
YIe this an Increment or Decrement Memory location? 
CINCR. DECR, Memory) YES 
INEXT {ENO IF (TMPADR<G: 11> EOL 1) 
CTMPAOR <0: 15>+ TMPHOR<@1 15> NEXT 
CIF CTRPINDIRECT EQL 1) => tMore Indirection? 
( 
(LOOP 1) 
) 
DIEND IF (THPHOR<O> EQ 1) 
JYEND LOOPY 
) 
JIEND IF THPADR(BD EQ 3 


dH!ENO ADP. FETCH 


Aor. SETUP Uses Variable MOR«5:15>. THPADRC6: 15> 
#, ACZCtS>. ACICHIS>. PCCOrIS>. 


fAaodoP. SETUP Unea NO Routines 
ADR. SETUP 
AOR. SETUP Le 1>>>For multiple Indirection. 


CASTAPT ROP. SF lUP 
COL CODE MDP B17> »> 'Decode Index Fratd 
t CT MPADP C8: 15> 6MDRCB 159) 
de {PAs Page rero Addressing 
t CTP ADR 1115>¢MDRCB 15> NENT 
CIF CMDRCB> EQL 1) ©> 


a eee vee na, EE Be ee romeo 
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CTAPADP SAL 7Z>* Fr) 
YA RT TEND Tf emo B> EOL tt 
CIAPADP 1S CPCCA TS > & TAPRDP CB iS>)C1S18>) 
VE'BL= PO relative fiddeaaing Catth argn extention} 
( CIPPADRS £1 19>- MOP. G1 15> INE XT 
CIF (epPC@> EOL 1) => 
CTRPADR<17>+ °F F) 
INERT 'END IF (MORC@> EOL 1) 
CTHPADRC61$5>°(AC260115> ¢ THPADR<O:15>)¢1518>) 
VeL1Ge Index with AL2 Addressing. (with slan extention? 
{  CIMPADPC 51 15>>HORCB 15> NEXT 
Cir C(MOP<B> GL 2) «2 
CTHPADECO12>2°FR) 
YWEXT TEND JF (HDR<B> EOL 1) 
CUMPADR40115>+ (A036) 15> ¢ THPRORCG: 15>2¢15)8>) 
Ht fe Index with ACI Addressing. twith sign extention? 
IWEXT TENO DECOOE MOP<G17> 
(IF mOPCS> #> HInderect ion? 
( {PLAD. Memory PHEXT 
CIF CTMPADRGH: 11> EOL 1) 0d 11s this an Ince ement 
for Decrement Memory location? 
CINTP. OECR, Memory) 1YES 
JWEXT 'END IF CTMPADRC@:11> EQ $) 
{ TAPADP <1 15)>+THPROR CO: 15> NEXT 
(ADR, FETCH) 
) 
YIEND IF MOR<S> 
JHtENO ADR, SETUP 


{SK TP Uses Variables MOR<13115>. TMP.NO.OPCd> 
1 PC<@r{S>. THE. SHIFTERCO: 16>. 
Uses NO Routines, 


SKIP; e 1)>> Handles the Skip operation specified by the SKIP Field. 
CISTART SKIP 


(DECOOE MORKI9: 16> => {Skip Cletd 
C  (PEKOIS d+ PRAIS> + 19¢45:09) 
» 10008 Nevar Skip 
© (PURO AS >= (PCKOrIG> + 2061500) : 
7) 1®01° Skip always 
( — (DECODE (THP,SHIFTER<O> EOL 6) => 
¢ (POKOIG>SIPCKOIS> © 19¢1518>)9 
(PLCOr1S>*(POCAIS> + 29435105) 
JIEND DECDOE 
ys 10jO= Ship if Carry = 6, 
© (OECODE CIM? SHIFTERCO» NEQ @) > 
(PC COL IS >= (PCKOrI5> + LdCISIOrde 
(PCCOnLS>+(PCKO:I5> + 2¢1510>) 
JLFND OF CODE 
yb {Olle Ship if Carry © NOT 6. 
¢ (DECODE (TMP. SHIFTERCHI IG) EM 8) => 
(POCO PCCO1S> # LUG Odds 
(POCO 1b >e (PCCortb> 4 219510) 
J END DECDDE 
Ln 1100 Gein if Result» @, 
( (DECODE (TMP. SHIFTERCH. 16> NTQ @) => 
TPE COTS > (PCCOLI5> # $9CIG Odd) 
(PECOLIS>-(PCCOr15> ¢ 29¢1518>) 
YIEND DECOOE 
1 1}01» Skip if Pesult = WOT @. 
C {DECODE (CTMP.SHIFTER<@> EQ 8) OR 
CIMP.SHIFTERCS116> EQL @))ed 
CPC COIS (PCO 15> + Lib Ody 
CPCCA 1S > (PCO 15> * 21S? 
JIEND OF CODE 
my 4118» Ship tf Cerry OR Resuite @. 
U tDECODE Ch IMP.SHIFTERCO) NEQ @) AND 
CUPP. SHIFTER’ 1616> MEQ @))e> 
{PCOS >etPCCBriiS> ¢ 11S @dds 
, FPO 1S > (POCOrIBD + 2001510) 
YIENO DECODE 
) {U1 Skip if Carry AND Result» NOT @. 
TEND DECODER HbR 191 1S> 


dy END SbF , 


WOLOAD. LOAD Uses Verimbles MORCIZ>. CARRY<@>, 
{TP SHIFTERCO116). ACIG:31¢8115). 
tees NO Routines. 


aod 
aod 


Pege 1-4 


UYR IS. [SPER LAT AROA eC 100 23-fFeb-78 12:2? CAnneCAU- 180 Page 1-5 


NOL OND. LOAD. ® 12>) Load (he Destinatlon and Carry tf true. 
CISTABT HOH OF. OND 


(1 MOR<I2> EQ 6 «> 'Do we loed? 
( UCAPPYCR - TAP. SHIFTER COD)» ‘YES 
CRC LIOR C314 160115>> TH, SHIFTERS S16)? 
} 
JtEND IF MOR<I2> EOL 8 


d+ ENO NO OAD. LOAD 


‘SHIFT Uses Vaeriebles MORCH:8>, TMP. SHIFTER<6116>> 

! tmp. fein, opt<er16> 
BHIFYT Uses NO Routines 

SHTFT 

SHIFTie 1>>> Take care of shift determined by shift cp-code (SH) 


CISTART SHIFT 


(DECODE MOP<8)8> «> !SH field 
C  CTMP. SHIFTERCO! 16)5tmp, fein.ontce: 16>) 
) 1@@2NO SHIFT 
¢ CTNP BHIFTERCG1 1G >etap. fetn. optc@ii6> tRL 1) 
Mt IOLeSHIFT left 2 possition 
( CTMP..SHIFTERCO11G>otmp. fetn.ont<O1i6> MRR b) 
+] !QieSHIFT right 1 possitien 


(  CIMP.SHIFTERCO>+ tmp. fein, optcards 
CIM. SHIFTERS 1 B>+dmp, fetn. opt ¢9116>)) 
CIMP. SHIFTERSS! 1B>etmp. fetn optci:8>) 


} {2ieSWAP byles and pess Carry 
YEEND DECODE HOR(BS8> 


JVIIEND SHIFT ’ 

1aANDOD Uses Varlables tmp. fein opt<ari6>, CARRY<8>, 

! P01 3)KO1 15>. MORCI14), 
IAN DD Uses NO Routines, 

taANDdO 

ANDD: © {>>> AND Source and Destination, 


{>>> Pass answer ond Corry bit to Shifter 


CISTART ANDO 


tmp. fot, 0060) 1G + CARRY<O>ef ACI MORC112>1681 15> AND 
PC (MOR 514161 169) 


JATEND ANDD 
th OD Uees Verlables tan. fet. opt Or16>., ACI@:33¢G016), MORCLI4>, 


! CARRY<@>. OVFCB>, TMPOREGCO115>. TMPIREG@: 16>. 
{ADO Uses NO Routines. 


{Ado 

ADD) = 1>)) ADD the Source to the Destination and 
1)>> teke core of Carry and OVF bits. Make 
1)» (he result avelleble te Shifter, 

(1START ADD 


CTMPRPE GCA 1S >+AC IADR CH 293681 1D) 
CTMPIPE G81 LS >-AC (HDR 31 491600 15> NEXT 
Chimp fet eet CO TBs TMPOPE GCOS) ¢ TMPIREGCO1IS> NENT 
CHP COTREOPEG SAD EQL THPIPEGS@>) AND 
CUAPHPEGB? WEQ tap. fctn.optci>}ie> 


COMP ctoed) Hake care of Werf low 
DetEND IF 
(DECODE tmp. fetm.ont<A> a> \Teke core of the Corry bit. 


Ctmp. fet. opt (Oe CAPPYCB))) 
{time fctnoptl<de> NOT CCAPRY<O@))} 
TIEND DECODE tmp. fcln.opl<@> 


2 1END BDO 


‘suBTRaCT Uses Veriebles tem fcin.opt<@r16>. AC10:91¢@115>, 


ho teem sme ao) 38 Pal 
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MOP<1149, CAPHYCO>. OUTCBD. TMPOFEGCO115>. TAPIREGCONIS>. 


\ 
‘SUBTPATCTE Uses NO Routines. 
SUN TPACT 
SUATPAntie 123) Subteact the source from the Destination 
19>) and take cere of the Corry bit. Make 
; !>>> the result available to the Shifter, 
CISIAPT SUBTRACT : 


CTMPOPE G4) 159¢ACEMORS 112914011690) 
CTMPIPEG< 61 SS>¢ACT MORE 491681 15> NEXT 
Comp. fein. optsOriBoe( TMPIREGCArI5> 4 
; CNOT(THPOREG(@115)) + £92¢16)09 NEXT 
CIF CCTMPAREGSO> NEQ THPIREGC@>) AND , 
{THPOPEG“OD EOL tmp, fetm.optci>))e> * 


COVE Ode 1) WToke cere of WerF low 
ViTEND IP : 
(DECODE tmp. fein. opt<a> a> ITake core of Corry bit. 


(imp. fcotn.opt<O>eCAPRYCQ>)) 
(tm fcin.ont<O>» NOT (CAPRYCO>)) 
VIEND OECODE imp. feln.opt<e> 


YETEND SUBTRACT 


tTADDCOMPLEMENT Uses Verlebles tmp. fein.opt(@ilG>, 

t PCA SICOt1 BD, MORCI14>, CARRYCAD. 
OVFCO>, THPOREGCG1 15>, THPIREGCBI 15>. 
Uses NO Routines. 


ADOCOMPLEMENT ® {>>> Complement the Source then 
1>>> Add It to the Dastinetion and 
{>>> make 14 eveilable (o the Shifter. 
19>) Also take core of the Carry ond WerFlow. 


CISTART ADOCOHPLEMENT 


CTHPOPEG CO) 1G>+ACTMDR< 112514011590) 
(THPIREG(O1 15 >+ACUMDR¢314>1¢01 18> NEXT 
(mo. fetn.opt<O116>6( NOT (TMPOREGCO116>)) ¢ TMPIREGCO:15> NEXT 
CIF CCTMPOREGC@> NEQ TMPIREG*@>) AND 

(THPOREGCO> EQL (mp. fetnaptcl>) ed 


COVE CODe 1) {Toke core ef OVerFlow 
YOTEND IF 
(DECODE tmp. fein optca> => \Take core of the Carry bid. 


(tmp, fetn. opt <@>CARRYCO>)s 
(en fetn, opt<@>> NOTCCARRY<O>!) 
YIEND DECODE tm. fein. opt <a> 


JUTEND ADOCOMPLEMENT 


{INC PEMENT Uses Varteblen imp fein, optc@ri6>, ACIO13)(OrIB>, 
! MOMCLI2>, CAPRYCO>, OUFCO), THPORLGCA: 16>. 
trNCPOCHOENT Uses NO Routines. 

{INCREMENT 

INCREMENT © 100) Increment the Source, end pass It and 


{>>> the resultent Carry do the Shifter. 
CHBTAPT INCREMENT 
CTMPOREGCO1 1 G>+ ACI MDR< 11229601159 NEXT 


top. fedn.apt (0: 16>>TAPOPEGCO) 1554) NEKT 
CIF CTHPBPEG(B1 16> EQL 77777 be> {iLL an Derk low occure? 


; COVE CODED) Ives 
DtENO RP CTHPAREG<O11G2 EOL 477777) 
(OCCUDE Amp fot. opl<O> «> \Teke care of the Corry bit. 


(tmp. fetn.opl (Os CAPPYCAD Dt 
(tmp. fetn. opi (Bd> HOT ICARPY<O))) 
TIENT) DE CODE tm. fcoim. opt @> 


YETENO INCREMENT 


( MOVE Uses Variables (mp. fein. ept<@i 16>, CARRYCB), 
( ACHA7PeBi 1G, MORCHIZd. 
{ HOVE Usee NO Routines. 
{ HOVE 
M MOUL = >>) Mave (he Source and Carry te the Shifter. 


See ee ae ne ae ae NN att ER te re cenmnene oni othe et eee + —engperne memes + nee omen: 
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CISTAPT HOVE 
(mp. fet op! Bt 16) + CAPPY CA Alt [OPC 11291601 1D 
VItEND MOVE 


NEGATE Uses Verisbles dap. fetn.optc@iib>, ACIIIZ1<8115>, 
t PORC1:2>, CAPRY<@>, OVF<O>, THPOREG<@1!5>. 


WEGATE Uses NO Pout ines, 
NEGATE 
NEGATE» 12>) Newele the source and put in tap. fetn.opt 


CISTART NEGATE 


CIMPOREGCAI I> ACL MORS 16271681159 NEXT 
timp. fetn.opt (Bi iG>=( NOT (THPAPEG<O115>)) 4 PINEXT 
CIF CTHPOPEG<@116> EOL * Lnganaddanenandd) «> {WiLL wa get on overflow? 
COVE CODd61) lyes 
YITEND IF 
{PDECODE tmp. fetn.opt(O> #> 
(tmp, fctn, opt (B>=CAPRYCB))) 
(tmp. feth.opt<(O>> NOT (CAPRYB>)) 
YHEND OLCODE tmp. fctn.optce> 


!Take cere of the Corry bit. 


dt tEND NEGATE 

COMPLEMENT Uses Variables imp fetn.ont<OrfG>, ACT1:2)¢@:16)) 
i HORCH12>, CARRYCOD. 
{COMPLEMENT Uses NO Routines. 

{(CcOMPLERMENT 

COMPLEMENTI® 1>>> Complement the Source end put the 


12> result and the Carry bit ol the 
1>>> input of the Shifter. 


CISTAPT COMPLEMENT 
Amp. fein, optcBrIB>+CAPRY<Adet WOT CACIMORCH12>9CO11G>9) 
JITEND COMPLEMENT 


Uses Veriables MORCIG111>» THP.NO.OF<@>, CARNYCOD, 
Uses NO Routines. 


CARRY. SETUP © 1>>> Inittalize the Corry bit. 
CISTART CAPRY. GETUP 


(DECODE MOR<101 i> »> Decode set up oplions. . 
UNCP) {00+Leave as ts. 
ICAPRYSO>>+8)) {OleClear initiolly. 
(CARRYCOD>1)d 11O=Bet initially, 


(CARPY<Ad+ © NOT (CARRYCO>))) WieComplement (ts present value. 
YHEND DECOOE ADRc/erti> 


YUTFNO CARRY, SETUP 
' BOME OF THOSE PESOURCE MANNGEMEN! INSTRUCTIONS 


PUSH, STACK @AEGIN IPUSH TMPMOP ONTO STACK 
TMPAOR ¢ (SF - $9¢1610> NEXT 
SP + TMPADR NEXT 
(DECODE TAPADRTOr1S> LES #428 ©) 
\e WHITE EMORY) 
M AE GIN 
TON? 1+ Bi THPHOR+PC) THPADH 844 NEXT 
WRITE. MEMORY NEXT 
TAPADPP +645 NEXT 
PLAD. AE HOWY NEXT 
PC + THPHOM ATT 
BAILOUT TEKEC 


ENO 
! 
END: 
BYSTPAP I eREGIN 'SYSTEM ThA SPQUENCE 
RMP) * MSR 
TENP2 + BPs 
OO ee ee yer Niemen. wt N ene ny Soy Seen dana a A a Mee re ct 


ee 
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TEMPZ © SL NEXT 

CIF NDT xMO => 
XAD + 1 5 Sx + § a MHOC + O NEXT 
TAPHOR *© 3 NEXT 
PEA MENDPY WEXT 
THPADP » CTHPMDR ¢ 491510) WEXT 
PLAD. MEMORY WOXT 
SPs THPNDP NEXT : 
THPADR © (THPADR « 11¢15:8> WEXT 
PEAD. PR ROPY NEXT 
SL > ITAPHOR 

» NEXT 

THPHOR + TEHP2 NEXT 

PUSH. STACK NEXT 

TAPRDR + TEMP2 NEXT 

PUSH. STACK NEXT 

TMPMDP + TEMP] NEXT 

PUSH, STACK NEXT 

THPMOR = PC NENT 

PUSH, STACK NEXT 

THPADR + & NEXT 

PEAD.MLNOPY NEXT 

PUSH. STACK NEXT 

THPADP # 2 NEXT 

PEAD. HEMOPY NEXT 

TMPADP + (TMPMOR ¢ TRAP. INOER¢S1€>9¢15:0> NEXT 

READ. MEMORY NEXT 

TRPADP © THPHDR NERT 

ADR. FETCH NEXT 

PC + THPHOR 

END) 


CKPPVi» EGIN 
If XHOC #> 
PREE + | NEXT 
TRAP. INDEX + 2 NEXT 
SYETRAP NEXT 
BAILOUT ARITHMETIC, OR. LOGIC 
fNO1 


WRMAPLe BEGIN 
ChKPRY NEXT 
“FHP © ACA: TEMP2 + ACL) THPADR >» AC2 NEXT 
(DECODE TEMPICE> ©> 
TEMP) + TEMPIC21029G4 ¢ TEMPICIG010>0 
CBRILOUT HRHAP) 
) NEXT 
WPMAPLie (CIF TEMP2 GTP 0 ©> 
READ, MEMORY NEXT 
HAPREGITERPI<B18>) + THPMOR NEXT 
THPADR © CTMPADR + 1161518) 3 
TEMPS «© CTEMPL © $dC1H1GD 1 
TEMPS © (TEMP2 - L)Ci81@> NEXT 
WRHAP 1 
y 
FND) 


RDMAP i! HEGIN IPEAD Mi? FILE 
ChPRY WE XT 
TEMP] © ACOL TEMPS + ACT) TMPADR + ACZ NEXT 
(DECODE TEMPI<RY &> 
TEMP L © TEMPIC216054 ¢ TEMPIC15: 1001 
CHATLOUT PROMO) 
Y NEXT 
ROMAP 1 ca C}F@ TEMP? GIP @ #> 
THPHOR + MAPPLGUTEMPI<81@>) NEXT 
WRITE MEMORY NEXT 
TAPRDR © CIMPAOR 4 19¢1518> 5 
TEMPE + CTEMPY 4 294150 6 
TEMPS © CTEMP2 - 22¢1510> NEXT 
PDMAP 1 
1 
ENO) 


WRWPOIs FGIN ‘WRITE SINGLE WORD 
CRPBY WEXT 
THPRPEGe ACA NEXT 
MAPPE GL CTMOOPEGS 13: 16> 044 THPAREG CO G>2¢H18> 168 tS) © ACI I5D 
END) 


RDMHDi = HEGIN ‘READ SINGLE WORD 
CrPRV NEDO 
TMPORLG? ACA NTNT 
AC1SONG> © MOPREG( I TMPORED C13: 18646 TMPOREGCO) b> 16010218 1b> 
END) 


tp eter ee FS elegy Spa Pate 
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HGP ie 


RMSPis 


RAUR ie 


CHUP ie 


COMAIs 


RLAF re 


EXmAP) « 


DxHAP) & 


MAPBI ie 


MAPHDI + 


RABTis 


UJ 


EUB: = 


EOIN 'HEI]TE Map STATUS PEGISTER 
COUP NDT 

UA ® ACE MDPC ard peer : 
MSPe de fS> © AC EMDR! 91491649015) NENT 
Rube dar 1G> © MSPCH31 15> 

ENO 


(1LGIN = IPEAD MAP STATUS PEGISTER 
CPPPU NEXT 

FCT MOR 63149206195) © MSPCO: 15> 
END) 


AEGIN 1 PEAD MAP VIOLATION REGISTER 
CYPPY NEXT 

ACT MOR<3:4>7¢8rf5> »© MURCE) 15> 

END: 


BFGIN ICLEAR MAP VIOLATION FEGISTER 
ChPRY WET 
HURCI17> » @ 


ENO) 

REGIN ICLEAR DMA VIOLATION 
ChPRY NEXT 

HURCB> + @ 

END: 

HEGIN READ LAST ADDRESS FILE 
CYPRV WEXT : 

Nop 

{NOD 


BEGIN TENABLE EXECUTIVE OATA HAP 
CEPRV WEXT 

XD + $b GYM > 1) XMOC + @ 
FNOI 


BEGIN JDISABLE EXECUTIVE DATA MAP 
CKPRV NEXT 

XHO + @ 1 SIMD + By KMOC + 

END: 


BEGIN = THAP SINGLE INSTRUCTION 
CVPRV NEXT 

MS! © | NEXT 

BAILOUT TEXEC 

ENO, 


HEGIN = IHAP BINGLE DATA 
CYPRY NEXT 

MRD + 1 NENT 

HATLOUT TEXEC 

END? 


WEGIN TREAD REMOTE MEMORY CHASBI5 STATUS 
CHPPU NEXT 


NOP 

£ND) 

GEGIN IEXECUTIVE TO USER JUMP 
COPRU NEXT 

WADE = 8 5 XM o> $7 BMD ew do 
THe UM 3 

HUREI17> 6 OF 

PCCOMIS> & ATL HDRCE1 4181 18> 
TNO) 


UFGIN TEXECUTIVE 10 USER GRANCH 

CeEPPU NEXT 

THPADH<O1th> © ACACA: 15> NEXT 

READ. MEMORY NEXT 

PCCATS> © TMPHOP<O11G> NEXT 

THPADR<O1 159 ¢ CTMPAURO16> ¢ 1961510) NEXT 
PEAD.MUMORY NERT 

HPCOLTH? © THPHOP TO 1S) NEXT 

THPADP <A ID> © CUMPADRCBIIS> + 12<¢1618> NEXT 
PEAT. APMOPY NEXT 

ASPCO1{S> © TAPADRCO) 1S) NEXT 

TAPADR CAL YG) 6 CTMPADRCOLI6> ¢ 20Nb00) MLXT 
PERD.MEMOPY NEXT 

GEO IG) 6 TRPRDPO115> NEXT 

WMDC + 10 XMD + @ ¢ SNM © @ NEXT 

AVEC L7) + @ NEAT 

FM + AH 

END) 
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ECAL ie HEGIN "EYECUTIVE CALL 
TRAP. INDE © f NEXT 
SYSTPAP 
END 


TRAP i» GIN 'GYSTER TEAP 

TRAP. JNDEX «© ACEMORC31499012015> NEXT 
SYSTRAP 
END) 
ARTTHMAETIC., » LOGIC Uses Variables HORCS?>, 
ARITYTHAE TI . »>LOGIC 


SHIFT, NOLOAD.LOAD, SKIP. 


*RETHHETISC.er -LoGcic 


ARITHMETIC. or LOGIC(® 12>) Tobe cme of Arithmetic or Legic functions end Increment PC, 


CISTART APLIMAF TIC. or LOGIC 


ChE Cmdr C1915 eq) 4092400) INDIS 7/12/77 
FNGie Clstart Clomting point negste (=4DD0R 6,6) 
tmpdoublereg( Gi ae >+tmed (acBO115>m@ac 168135914) F18> eit 
ach¢Or 18>*tmpdoublereg¢1118>) 
ach<@11S)+dmpdoublerent! 7132) newt 
INCR.PC NEXT 
ballout arithmetic or. legic 
Vinnd floating point negate 
1 next tend if 


{ummearenseehhly Penource Matvesement Unit WIG 7/13/7?eemenmcumanes 


C16 mde CP) eg) 0) hd (mde (G115> eg) 41238)" 
hegin !PAU decode WOK 9/13/77 
INCP.PC NEXT 
(dernde mdr (21490) 
WPRIAM 
PDMAM) 
WRU) 
POWROT 
CHVRy 
CDMA) 
MAPB IO 
Lalgia:]?) 
Y nent tend decode 
Iatlout or ithmetle.or. logic 
end 'RMU decode 
V rrewt land if 


CAF mdr Grif og) W141O—> ‘ 
hopin IPH decode WOIK 7/13/77 
INGRPO NE KT 
Celorinele mle C)12.8)> 
PREP 
WME) 
PHYR 
(JUMP 
Ynevt lend decode 
heblout me ithmette or dogte 
end PRM dnc ode 
Vo rext lend if 


ChFCmede he2> eal $16) and (mde Ge 15> egl w)1300l—> 
teenie TPMU decode MOIS 7/13/77 
INCRE NEXT 
(deride mer 69140) 
1 XHAP 
DxMP 
PMS1) 
nop funused 
Vineet fond ecade 
hetlout ar Hhmetie or. dome 
ered TPR decade 
1 ret toned if 


C1 Edm a2? eal SON) and Cmdr 5115) egh #0116)=> 
henle PMU decode WOIK 7/19/77 
TRAP tre wt 
hetlout a ttheetic. or. logic 
end ' RA decode 
Vonewt tend tf 


T thtiadie had test ateenameniaemranabeninte ae ee Atk 3 oc SO late 


Uses Routines CARRY.SETUP, COMPLEMENT, NEGATE, MOVE, 
INCREMENT, ADOCONPLENENT, SUBTRACT. ADD, ANDO, 
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Veneer cere and af PMU clecnrieseseeducnepeeeunsmenmnernruanee 


CORR Y GE TUE INE KT STeke care of setting up the Corry bit. 

(DECODER 'nreS17> => !Decode op-code delpraining Function Cener ator 
| action (function stores answer in top. fetn.opt 
‘ and tekes core of Carry bit, 


CCOMPLEMENT V6 teMteComplement Source 
(NEGATED) 100) *Negate Source 
(MOVE Dy {@18stMove Source 
CTNCPLMENT IS {Ql {=Increment Source 
CADDCOMPLE MENT) + H10@02Add the Complemented Source to the Destination 
(SUBTPACTT H1OleSublect the Source From (he Destination 
{ADD )1 (11@eAdd the Source 4o the Destination 
CANDD) 1I1}*AND the Source fo the Destination 
NEXT TEND DECODE MORC517> 
CBHIFEONEXT !Teke core of Shifter op-code 
CNDL OAD. LOND INEXT tLoad (he Destination if we ere suppose te. 
(BRIPD {Teke cere of Skip op-code end Increment Progrea Counter 


YeTEND APLTHMETIC. or LOGIC 

t 

{270 INSTRUCTIONS 

{ 

INDEVi® (ACEMORCI 4) © DEV. INPEG)) 


DUTDEVi « (DEV.QUTREG © ACIMOR<314>2)) 


INPUT. QUTPUTOe 1>>> 170 stuff. (end ell the hacks) 
1"! This le the section of the machina that was thrown in efter 


peayt 
[HLT TL the original NOVA wom designed. As suche it Is @ very 
THLE Gt tdirty part of the ISP discription, ' 


(tstarT INPUT. OUTPUT 


ISTART MEMORY TO CCUM ATOR INSTPUCTIONS , ‘ 
CHE CUMDRYB 16> NEO 11) AND ((MORC?eMORC 101159) EOL "1800001 ))=> ; 
( 
CIF MOPCSi@> CQL ‘80 »> (NEXT ADDRESS 


( CUMPADPCO115>>(THPADRV@115> ¢ 1)¢1510>2NCXT 
(PEAD. Memory NEXT 
{TMPADE COL 15 >> THOMOR CO) IL) NEXT 
CR DATA) 


J 
INERT TEND Tf HOMCb G> EOL ‘86 


CIF MOPS) EM '@L => INEKT ADDRESS BNO XED 
1 CTAPADP CAL TH SF TAPADR @1ID> ¢ 1)CI5tB> NEXT 
CPLAD. Memory NEXT 
CTAPADP CO! 1 B= (TARMORG AIG? 4 ACZCOrIS>dC15 OI MEKT 
UR. DATAD ; 
) 
JNCXT TEND TF MORK. G> EGR °O1 


CIP MOR(b:B> EQL '10 «> TROT WORD 
C CTMPADPCO1 1 &>> fF TMPAORCO11G> § 1)C1G1O> NEXT 
(READ. Remar y) 


) 
NEXT TEND TF HORCG1B> EQ ‘18 


(DECODER MOP) «> 


LOFNi ( ILOFN = LOAD FROM NEXT 
CAC NDP 314> 1601 1+ THPMDRCOI 18>) 
Mi ; 
ROP NL © ( TROFN ADD f-am next 


CTHPY RL G6) Peat MOR? 9142160) LSD INERT 
CUE COTMPIPEGCO, FOL THPMDR<8>) AND CTAPADR<O> NEO CIMPADRCO11E> ¢ TMPIREGCO 1H IIS> bed 
(OVE Cte dd l¥ee we have an OVer Plow 


uM 
CAC TOR 31499681 1S >> THPHORCO: 15> + THRU REG CO: 1015102) | 
yy 


U1 PSP Eas elo lee A 100 3 fee TH Loe 2? Come Ay 100 Fase 1-12 


SOE We { ‘She Sat Pore eet word 
CORO TERE PS eA ENDR dg Fo Th Mpa 
CPP cet ae. A NPQ THEEPT GN EEREIDO Ae EO TATE ERG) THEME ALL TTR Met le (Me Flow? 
Cf edd ‘Tele cee of Weel jou 
My 
Hye Drm ZY abe ef e Oe REE. eS Tere AAG be Se AD 
YW 
ANT Nie { {oMFN =D froe newt 
CAC ERO. 314 be OS >) CPO 714101 1S> AND TMPHDR< 15>} 
’ 
Y) "END DECOOR BOP: Arg) 
(PCCM ISO CPCCOLIS? © 22015:6>) MENT 
BALLOUT INPUT. OUTPUT 
) 
PNEXT fend af 
TEND MEMORY TO ACCUM ATUS TNSTPUCT TONS 
{START ACCUMULATOR TO ME MOPY TNGTPUT TTONS 
CUP CCMOR CS oS EMC Te@MNPCIO115>1) EA ‘BinnORRe E> 
{ 
(OF CODE ADP BY oF {TNO MEO? 
( CTAPADP 1159-1 TMPADP CANIS) ¢ PCUS @>INERT 
(PLEAD. Memory NENT 
UIMPADE CO) 1696 THOMOR CO: 15>) 
ve , ‘WOT INOEKED 


C CTMPADR CO) 1536 (TRPRORCAIIG> © PPCISI@> NENT 
CPE AD. Memory NEXT , 
CTMP ADP CO 15 eC TAPRDPCALIB> # AC2681$5>3¢1558>) 
’ LINDE HEO ON ACZ 
INET SEND OF COOL MOPCE> 


(DECODE MDP< A: 8> => 


STTNie { ISTTN «store AC to nent 
CTMPMDR 01 1696 ACE MORG 31491001 15> NEXT 
(W. DATA) 
I 
ADTNi«= ( 'ROTN store ACtcontente of nant 
CR, DATAINE RT i eoddrese (o nent 


CTMPY PE GEO: 15> 6 AC TODRS 3149160) 12 NENT 
CLP COTHPLREGCO> EOL THPHORC@>) AND CTHPHDRCO> NEQ CTMPMORCOL IS? ¢ THYIREGCO: I BodcTHdIeD 


(OUR <CO>+3) lYes we heve an OVerFlow 
y 
CTHPMOH CO) $56 TAP IPE GORI 1G>+1TMPMORCO: 15>061510> NEXT 
(W.OATA) 
on) 
MGING { 'HGIN Merpe to next 
(RL DATAINERT 
CTMPY PEGS @r 15>6AC 1601) S>NEXT 
CUMPHDR CO) 356 CTHP URE GCG) 15> AND ACI MORGI14>768025>) OR CIMPMDRCO1SS> AND (NOTCTMPIREGCO: 1650) )) NEXT 
(W. DATA) 
ys 
ANTNAL® { \AHTWA AND tb nent address 
{RLDATAINEKT 
CTAPHOP O16 CAC IROP 63149140115) NO TRPMOP CONE] NEXT 
{W.OATAL 


i) 
INEXT 'EAD DE CODE MDP Bi g> 
UPC eM [sro CPO IG? # 21615189} 
NEXT RAT OUT PNPUT. OUTPUT 
1 
YNEMT bend of 
TEND ACCURULATOR 10 BEMORY TNSTRURT EON 
ISTAPT DOUNLE-FPLCISTON INSTRUCTIONS 
CHEC CMDR Cb Asgphe 181152) EQ 'AIGOOP IIIT e> 
{ 
(DECOGE Mpc Ry o> YT NOLYED? 
CCTAPHOP CH: {Soe CTPA OSD 6 LICLS BNET 
CPE AD. Meme y NEXT 
(TARADP. 115 >> THPNOR<O 159) 
Mt TROT TNDEXEO 
(CTARADR: Br lG>> CTH ADR Cas 16> ¢ f1C1 G1 BO INEYT 
CREA. Aemar y INET 
CIMPADR 11S >> CTAPRDR 01 15> + AC2.8) 12961518) 
‘ SINDEXED ON AC? 
YN XT TEND DF COOL MbR<g> 


CNECODE MDPC I4) 0d 
O5lie { 'o5t Double Stare (FSf ele) 
CTAPADP: 0115 >sACO. O15) INERT 
(WORT RINE KT 
e CPM NOP: Gt 1S>e CTHPADRE A IS>epdCIS erty 
CEMPP Or 15 >-AC 1681 15> MOT 
tu. DAA) 


we 7 


lit Co et i. Me iter BR ‘ come De Few: 13 
DAN» tori) Foote ame 

tay , Pe ar 2s | hat ee re Ene 

Bote ou. Nat 

1 Bebe Myke Tete 8 PY eke A Ey A 


Cs Ce hs a 


4 Salas Ae 
DIMM EEG Se te Le dh 
TCO othe MTEL GCL IGT 


TOL ORs | ee TODO EG $2. 329) 


PPPTEe AEG? TARR REAL BR BF 


DNF ® ot TONA Dew a W GAIL end nOO 
CP DOT INE RT 
CMON EPL GA. Se CEMOTIAL AM TS OFT AES HUCI ON) © (CR Aine RT 
CTAPDOUGLE REG: QO: 160) ERPOUUULLPLG Or 16) ¢ TROTORC A }S>1¢1618s. Art 
CTV OH TGP ETP ADR CANIS? © YC S16 IMENT 
CP Ont OINT OE 
CURPDORRK CP EGSO Ite CT RODO AL 1S> © THPOCAAT REGO Rago 16 a2 @ INERT 
COM A EH oe DORI E PE GCL TGs 
CHC ESAS > TPOIXNAR EPL GOL: 37>) 
1 Dre ( 'DLO Oouble toad (FLO sles) 
CP DATAINE NT 
CALNE OTS TNR Or 1S > IMENT 
CTAPADE CATES 6 (TMP ADR COs IS>¢1 90151 O>INERT 
(2 DATAINE YT 
CACT AT IS>+ TANIDR? 81 1G>) 
i 

YUE NO DECOOE BOPC314> 

(POC. Ph re PCCM IG © SHedGi@2) 

NEXT BAILOUT INPUT. OUTPUT 

) 
NEXT tend if 
TEND DOUBLE PRECISION INSTRUCTIONS 
YSTAPT ARITHMETIC “MF t) SHIP ty AOD IMP DLATE INSTRUCTIONS 
CUP Che de> EO TGiinde> 
( 
{OL COOL MOP BIB» ay 


AU }ie \Ad CCACE CO se tA F CM thd 4 PORCH 15>9CIS Ad) TROP] 
yi 
AQ COR CUOE More dari p> 2 
LOSHOL® AOL NOW C CTMEPYPE GALL eA ES) INERT "{ OSHD 
CAC LEM LS + TOP TPEGCONIS> HLA MORCL2ISD DS 
CALC LS OTOP PEGE Tb URL URC 20169) 
mn 
LASHD re VAP Ved fC CIMPDOUI ERE GC P6329. ACO! 155900168 15> NENT tLLSHO 
CEMPDOUBL ERT OC 1132). 1 SPDOUR EREGCh)32> tSL8 MORCIZ01S> NEXT 
VACACO: 12+ THEDOUM FREGCHIIGD DI 
(AC 1B NS 2+ THPOOUUERLOCL 71 az>) 
Ms 
NOt Ae {OLCOOL HOPCLI> «> 
LASHD i= NOL VIG NG COTHPIXRAILERE GC 1132 ACC 1 eC] CO 15> MERE HLASHO 


(OL. COOL 
{ (CAPPYCQ>e1)1 
(OVP <Ode 1} 
Yb "YES OVF and CAPHY 
1 CTRPDOUHL BPEL Dat >> THEDOUR LPEGEE13e> 1St 3 MDRCID ISS INEXT 
CACO D Th > TP DOURT EPEGC PTB Od) 
TACT CME Ltt SOWOONTLE MEG E220 
CLAPP YS (>A) 
TAU OVE or Caper 
TUOTRPDOQUBLEPE GOH: de> 1SPOCT) - MDPC1911590) etc, 


js ) 
JT ND Of COoE 
yn 
N10 AE COTRPOORRT PPE G OH AP eA MeO 1S >@AC LCG Th INEXT 
{OL COOP THPDOURR T PEG? fo8)d ‘Powitive or negative 
CIMPOOUILE PEG! 11 35+ TAPOOUIA ERE GCL 32> GHA MOON TS de 
CTXPOOUUL EPEC: 11.9256 THPDOUELEREGCI: 32> 9SR1 MDRC19615>) 
J —END DECOOL TRPDOUULE REG. > 
TAC ACA TGs THPOOU EPEGCH 16200 
(ACH Or Poe PMPOOUEN ERE GSE22 329) 


RHSHOL® ANY TRASHD 


) 
DIE ND DECOOF HOP: 12> 
RSH re SOE LE 0 CINEDOURL DPE G: 1192. 06115 eA 10D) 15> NEXT 
CTAPOOUULEPEG: 1) at > TREOCAM EREGC O32? tSRO MDRCIE ISD INENT 
CAC ACO 1S 9) TAPDUUM FPEGEL 1659) 
CAC 1600 159+ TPOOUTL EF PEGC17192>) 
’ 
TPAD DECOGE ANP Tad) 
Sry) COE CODE ROPE TOI ELD? 
CRUD ATO NF AAR DSA BTS) tL MORO EPS) 
i 
UIiGHie \ie@ NOL ¢ 
Vs 
NYO ALG (DECOOE MORAY 27 24> 
LASHA) VER V1 N80 CTRPOPEG a 1S ecg 15> INE KT 
CDEC OE 
C CLAPW TER d dy 


TEPOT 


(ACH Br TS>eNCO BIS) TSLB MOR 12)5$>) 'LLSH 


1 ASH 


TOCTOPOPEG CBS) 1SPATIS - ADRCIZ IS} EOL BIOL CL TREE GA IS> 1SPLIIS - 


POD PUSITIVE IMMEDIATE 


Left daul-moda shift double 


Left logical shift double 


Left arithmetic shift double 


TCC T PW DOUBLEPEG OL: 32> SAUD) = MORCEINTS>2EOL CORE CCT MPOOURLEREGC: R7> PSRECIL - MORCIINIS>ICIL1O> + 19911 O> EOL 


Right er ithwetic shift double 


Right logicel shift double 


Left rotate 


Left logical shift 


Left mithmetic shifi 
Powys ASydC1GB> © 11S B> EM @r)e> 


mo 1 ae a oe Sow iit 

stop ets 

Soe ee 

ise ee ie Ce ri 2 is 

fe t ate an Psy 

rs | ae ig 

woos Ledes 
VEN saweR ee cee Teepe we PS Fear gS re 
ve 

Batic NIM NIM VE © CTROOEG OTS ar PSM SPOS Bight ar rtimgtitc abil 


HH LODE PH ODE Oe Pos itien oF neaetive 
CEG OG S THOEEL Orth 1SFO MOR TGS >be 
HIME AOEL ALG e THOEG A 1S) tSBL MO pd 1GS>) 

‘GENO OF OOE Tapper Gear 

rade Senta Sate Te ae) 


) 
Vat NO DEC ODE mb) 
PLSH re NEO SY) 6 Fe AOS 2 MATS PERO MOREE ESD) "HSH Right lossca) shift 


. 
be'heD OFCOOK 1ORP Tare t> 
mM) e ST} Pe POO We EAC FT OES) © OBOE PSD) MINUS Speewewn  Se ery 'RONS = Adhd negative (emediete 
’ 
eNO 0 CODE Mow Age 
CENCR PE n 
MET Ree OU PNPUT. QuTeut 
’ 
YNEYS fond if 
UEND GOL UMMETIC SHIP T © S476 tT) OD TREDEGTE INSTOURT IONS 
TotaeT PAPT LT OF 4 SENGEE BOPO INSTRPLE TIONS WIT ACCURPIR ATOR CIN BITS 3-4) 
CERO LAOR SF eMPP 1A TS9) EOL TRL AmMMA] > 
( 
CDECOOL MOF Bi 52> 
ROPr® (PACU ROR 314 FeO 159+ SFC. 16>) RSP PERD ST CK POINTER 
’, 
PSHie CUTE ADP Se ESE A EGD © DCTS OIINE RT "PCH PUGH RECUR AI0R UNIO STACK 
COP CATS >> TP RDO CO AGO DE 
CT APMOR $506 (NR 91491681 157 ERT 
(MRL TE He mor y 3 
CIF VRADP 8115) 1GS 9428 «> 'Steck overflow? 
( C1ON’ Oars 
CTAPOR. AL LG 6 POCO IGN 
CTRPANE CO 1G. 64 ONE AT 
CMP TTE Memory dt 
CTRPADS OV) 4S NE KT 
CPL AL Memory Ne XT 
EPC OO 15 V6 PHONIDP 15> DET 
CBATL OUT SNPUT. QUIPUT) 
) 
VEN TF TRPAORLO:1S> LS5 H429 
I 
POPs» CO CUMMNDRC ALG >8 SPR ISDINEXT {POP Pop eccumulator from sieck 


CPE RD). Hemory dt 
TSP COLES OLE MPAGA BD IS> 4 LICLS QNERT 
LAC THOR! 34> 2 15%. INP AIORCE1G>) 
Ve 
WGPL. CSF M1 AC EMUR 9.4215) 'WOP be Ide steck pointer 
) 
PEND DECOOR Spe: Ag 
CINCR PED 
BEXT Ball Qt PNPUT. OUTPUT 
1 
YNTM bend ef 
"END PAPT 9 O8 14 STNGLE- WOPQ TNSTRUCTTONS SIT TH ACCUMR ATOR TIN BITS 3-4) 
Sire Peed SOF 4 BTN E-MOPD INSTRUCTIONS WITH @CCUMA ATOR CIN BITS 3-4) 
CPP UMDP- Sb: BeamDP- 10 159) EG. CMICL aaa bed 
‘ 
(DECOM MOP edo.) 
SMPY 1 CTRRAPLG: G1 S.A CDS YD {SHPY Signed multiply 
CTA ORG! MPS AC | MOR 34028 TS SINE NT 
CIRPOGTON Go) TDP APELT@® YOR THEIPE OO) NENT 
tif THPOPEG As CO ded 
CUMPORE GR: FES oe CM TNUS TAP OPEG Cr 15900151824 
DOORN LF TAPADEG > EOL t 
Ctr Tee iPhEG B- EM tr” 
CEMP PREG: AL 15> (MINUS TPL PLGOO 1S 1S:@)? 
‘NEWT VERT TP TR ERE AD EG | 
CUMPOOUAL EPL G1: 35. TROUPE G Or 15> © TAP LRT GC@: 15> peat 
CTF THE STSN A) EOL fed 
CTAPDOM EPEG: 1s ots) CRIN TRODOUBLEREGC! 4293091109) 
YT TEND TP TMPOSION- @) EQ 4 
fe Br LS ee TAMA EPE GOL 16> 
VRE Be be TMODOURM PEG? bP ary? 
Ve 
SOVD: » C CTMPOOUNLEPE G69: 90 2-AC OO: 15 eel} COIS be 'SOUD Signed divira 
UTM IRE G68: 1S>-AC UNDP 314d O 1S INERT 


Urh1S JOP {re lec center. TaD P3-Fet- -B 1es07 Cannel my: 10D Pega 1-15 


pleeetegg Oo. tee PE Ge be WO Pw OP GG. Osta 
Cor te te rN EOE, pone rT 
ry Peter PRET Je Pu fer 
[he ac ee Poe Oe en Aes ee Oe FR 
PEND YR tewrwwar Pee. be 
C1f Te peC GB EO ped 
CTYPE GeO 155) tM TNS TMP 1 PEGA 159101518) 
INE AT ENO OIF IMPIPEG A> EO tt 
COE COOE COTM SPEGC@rS> EQ GO) OF CITMPPPEGSO11S> LSS THOR E PEG: 1: 16>))0) TOME OF LON? 
CO CTAPOPED CR: 15 6 CTAPDCURLEPEGCH 32> 7 TP LPECC@r IS >) C151 O> NEXT 
CURE PREG) OT > CT RPOOURLEPELGO1) 32> MINUS CEMPOPEGC OLS) @ TMP IPEGCO19S>1C3018> 10150 @> INERT 
PIF TAPUSTGNEHD EO Led 
CT RORPE GCA TS + ¢MTNUS TPPORLG 011592655183) 
d:"FN6O TF TheUSTONC@> €OL 1 
CIF TAPESIGNCO@S FO fed 
CTP LOE GEA 1S >> CRENUS TI PEGC 011591615182) 
INLET (END TF TMP ESIGN O> EG ft 
CROAR IS + TRIP TPE GC@1 15904 
CACY AIS 7 TOPE GSO SDD 
(CAPPYCO> +B} 
y 
{ COVE COS 4 0) 
(CAPRYCD 26D) 
’ 
Y1END OLCOOF PUTAEIPEGCO+1S> EOL @) OR CTAPIRCG<O11S> LSS TMPOOUBLEREGCH:32>9) 
) 
1) "ENO DECOOE nop. S> 
CINCP. POD 
OE eT BAILOUT INPUT. OUTPUT 
} 
VMEXT fend 1f 
TEND PAPT 2 OF 4 SINGLE-HOPD INSTPUCTIONS WITH ACCUPRAATN® CIN BITS 3-4) 
tSTAPT PART 2 OF 4 SINGLE-WOPD INSTRUCTIONS WITH ACCUMULATOR (IN BITS 3-4) 
CUE Ch CROP CS: PeMDP 6 10115>) ECL '1O0000001) AND IMORCBS> MEO 'E$))=> 
( 
(UF BOPTB19> FOL TMs) 
XXOP += CAC TNOP 631491001 15 >6AC TOR 314916015) NOR ACO<8.15)) 'XDR Exclusive OR 
YeTEND TF MOPCB9> EOL ‘OC 
CIF MDP TO:9> EA “Aled 
1OR1» CAC UMPC 31 491601 85 + ACTORS 3147160115) OR ACO<O115>) H10R Incluatze OR 
Yi'LN) TF MDRCBg> EA “OL 
CTF MOP B9> EOL S1Ne> 
OECi« (ACE MDPC 314d) 681 1596 CAC IMOPCI14D>ICOIG> - $9¢1510%) 10EC Decrement eccum|eter 
Ye'CND fF MOPCB:9> EQL "10 
CINCP. PCT 
NEXT BAILOUT TRPUT.OUTPUT 


1 NEXT tend if 
'TND PAPT 3 OF 4 SINGLE-WUPD INSTPUCTIONS WJ 1-4 ACCUMULATOR (IN BITS 3-4) 
{START PAPT 4 OF 4 SINGLE-WOPD INSTPUCTIUNS WITH ACCUMULATON CIN BITS 3-4) 
CTE COMDR C5) Fo@hOPo 101452) FQ EIKO! Jed 
( 
(UE COOE MOP*B:9>*> 
UNV CO CTMPNOURL EPEC 1197-8 COR 31 49 O 1S) © ACEO. 1S INERT YUMPY UNS gned aultiply 
EAC WEA ES 8 TAPOOUI PE GOV IB 39 
(ACA MAS: TAPOOUBLEPEGSY 7137) 
i) 
UOVD: = CCTMPOOUDLLPEGS 1632 ACH Os 1S 9eACHCOr 15908 'UOVD UNS i gned divide 
TAP YPEG <A) Se ALU MOR. 914010: SNE KT 
TOC CODE CPTI PEGCOr 15> EOL @) OF CTMPIREG @115> LSS THPOOUDLERE G11 16>) 18> ! OVE PF LOW? 
(CTP OPE G40) 1596 CTRPDOUMLEMEGCE: 32> 7 TP IREG CBr tS) C151 82 NENT 
: CHAP TPEG SO: 1S >> 6 THPDOUR FPEGCI132> MINUS (TRPOREGCOIS> © TRPIREGCO@:15>163110>1¢1518>MERT 
(FTO 1G PP IPE GC ISDE 
TACT: 1S >> TAPPED C1150) 
UTCAPRYCAD 6 OD 
VM 
(COVE CR oe STD 
(CAPPS <O>+ fd 
’ 
VIEND CE CODE CUTMPAPTG<O: 15> EM 0) OF CTMPYREGCO135> L55 TMPOOUBLEREGCH:16>)) 
Me 
UV] ie C OMPOOUPUEPEG EIB ACTA [> be {UDVI UNS igned divide INTEGER 
CTAP YEE GFE 15. AC TAD! 31491000 15) NEXT 
IDECODE CIMPTPEG @ctS> EQ Bed S OVE RF LOR? 
CCIM ORM Ge 1S eC TMPDOURLERL GCL 16> 2 TMPLRES 1150101510) NENT 
CIMPYPEG) G2 15>6 (C MPOOUPLEP SC), EB) MINUS CIMPOREG(O0IS> © TMPIPEGCO)1S) 3691101015 16> INERT 
CACO G1 ES 6 TAP] PE GEO PSD0G 
fAC he O1 15> THPOPEGCO: 15908 
{CAPPYCO). B) 
va 
© CQ Me dds 
CCHRY- Me $d 
1 
JtEND OC CODE COTMPERPEG©@, 15> FQL 0) OF CTMPIPEG<O115> LSS THPDOUBLEPEG<1:16>)) 


y 
UMPA:» CCT MPDOUILEREGC!1 3225 (AC (MORC91 4070815) © ACICOL15>1C9118) © ACEC ISDICTLIBD INERT «= |UPPA UNS Ipned multiply ROO 


ane eee ears tot omen eee ny 


Urb 19 WSPr ee eCann pat my 100 TD Feb 2B 1712? TAO eC HU 180 Pese |-16 


COC Me PG. TAPOC TM PPEGST 16204 
PACH He Dee TROD EPPGS17.392>) 
’ 
Vy teNn OFL ODE MOP 8.9% 
CNR PCL 
Niel faliOut ENPUT OTPUT 
) 
V NEXT tend if 
{END PAPT 4 DF ¢ SINGLE-WOPD INSTPUCTIONS WITH ACCUMULATOR (IN BITS 3-4) 
(GTAHT PAPT § DF 4 SINGLE WOPD INSTPUCTIONS WITH WO REGUMENTS 
CUP CORQR C3: 7>eMDPC10515)1 EOL ‘enoNnOmOG! => 
{ 
CDECODE HOP< 8: 9505 


CLEM » { (RAC@> Od) 1CLEM «CLEAR EXPANDED MEMORY FLAG 
CINCR.PC) 
uM 
STEM e { (EAM ddd 'STEM = ©6SET EXPANDED MEMORY FLAG 
(INCP.PC} 
y. 
PRtie (CT MP ADP Or 156 Scar tS NENT {PRT POP AND RETURW 


(SPCOIS > (SPCO:IG> © $9C1S1 > NENT 
{PL AD. Memory» INERT 
(POCO: 15>> TMPMOPCO1 15>) 
y 
RIFNIts ( CIMPADP «611559 SPO 1S>)9 IRTFNS RETUPN FROM NESTED INTERUPT 
(SPO PS (SPCOr1G> © 19C15:0>)NEXT 
(PLEAD. Memory INEXT 
CTMPADPCOrI5>-5); INTASE © TNPNDR NEXT 
(WRITE Hamner y DNEXT 
CTMPADP CB: 1S>+SRC@1 15>) 
(SPO: 15>>(SPCOs1S> © 19015102 NEXT 
(PEAD. Memory NENT 
(PCO: 15>> TRPMDP<O1 15>) 
) 
JIEND DFCOOE MOP<CB1§> 
NEXT BAILOUT INPUT.QUTPUT 
’ 
Y NEXT tend if 
{END PART 1 OF 4 SINGLE WORD INSTPUCTIONS WITH NO ARGUMENTS 
ISTART Part 2 OF 4 SINGLE WOPD INSTRUCTIONS WITH NO ARGUMENTS 
CIF CCMORC3rtB> EQL '8010011800801) OR THOR<I/15> EQL 'O0t1100000081) 1=> 
t 
CIF MOPC3: 15> EQ '001881 Odd => 
DSPD: = { (CPDATACA, S5>¢AC1COr15>)) !O5PU Display dele in control pannel 
CINCR. PC) " 
) 
YsVENO JF MDPC311S> EOL ‘0010011000001 
CEP HORI 1S> EQ 0) 110000800) > 
TCO.e ( (LECDDE DUE cade {TCO «TEST AND CLEAR DVERFLOM 
{ (PC6O: 18> (PCCOr 15> # 2ICISi0>) 
MW 
© (OVE B>9O)4 
CINTR.PC) 
} 
YIEND DE CODE Ovrco> 
’ 
JVIEND TF MDPCI11S> FOL ‘AOL Tem O00! 
NEXT BAILOUT INPUT .OUT Ut 
) 
YNEKT tend IF 
{END PAPT 2 Of 4 SINGLE WOPD INSTPUCTIONS WITH NO APGUMENTS 
{SIAFT PaPT 3 OF 4 SINGLE WORPO INSTRUCTIONS WITH NO ARGUMENTS 
CTE COMDP: 2189 @NOP< JOr$S>) EQ ‘601311000001 }=> 
( 
(DECODER MDPCG>=> 
STS2i= { CTMPHOP COs 15>65P¢01 15> NEXT 1STIS2 Incroment top element of steck. ship If zero 
(PEAD. Memory» INE KY 
CTMPMOP SO: 1556 (TPAD COr15> + 19¢9518>)NEXT 
CMPITE Memory) 
COL CODE CIMPFADP: 6:15> EQ @1=> 
€ CINCP. PC) 
nN 
F EPCCDLES © IPCeBI5> © 2701510) 
) 
“TEND DECODL CtMPmoPcarisS> EQ @) 
Vs 
PSTie CCTAPADP: G:15.615P) 8. 15> - 11CIS:@) NENT 'PST PUSH STATUS ONTO STACE 
CHPCALLS te THBADH CAL GoD 
(TAPADP: AL 1S>>5TATUGC O15) WENT 
(AWPTTE Memory) 
CIF TePapecac db) LSS m42@ ©> {Steck over flow? 
( C}ON- O>+ Orr 
CTMEMOW COG ePCCAr IG 
TTMPADP. 8-15>> 044 NEXT 
(WETTE Memory i) 
CTMPADO C8: 15>- 64 INERT 
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UVP ITLISP Es LACAN bel MY 190 23-feb-78 $2627 CAttel M- 180 Pane 1-17 
e TPE AD. Me mar y NEXT 
PCC O115 26 TAPP CAL ES > NERT 
(He;LOUT INPUT. OUTPUT) 
} 
INE XT ENO TF THPADHCO115> 155 e478 
(TNL. PO) 
) 
VIEND OF CODE morc a> 
NEXT BAILOUT INPUT. QUIPUT 
) 
Y NEXT tend if 
JEND PAPT 3 OF 4 SINGLE WOPD INSTPUCTIONS WITH ND ARGUMENTS 
{START PAPT 4 OF 4 SINGLE WORD INSTPUCTIONS WITH NO ARGUMENTS 
CLE CEMDP¢ 3v@MDPC5:15>) EQL 1100) 16R08) be> 
i 
COECDOE MORC4 >=) 
STIBNI © { UPBNCOD>>+E} {STIBN Set interupt branch/nest flag 
vy 
CLIGNi © ( CIBNC@>-@) (CLIBN Cleer Interupt beench/nest Cleq 
) 
YItEND OLCODE HOR 
CINCR.PC) 
WEXT BAILOUT INPUT.OUTRUT 
) 
) NEXT lend if 
{END PART 4 OF 4 SINGLE WORD INSTRUCTIONS WITH NO ARGUMENTS 
CHP CROP C31 1B> EQL '01318) 000001 )=> 
PJSie LC TAPADP 4019S >¢ 1 TAPADRCO:15> * 22415102 )NEXT 1PJS Push end jump te subroutine 
{ TRPOPEGCO115>+( THPADPCAIIS> ¢ 1261518 )NEXT 


CTMPAOP(O115>+(5PCO115> - 1)¢8510> NEXT 
(SPC IS > TAPADRCO1 169d) 
(WRITE. Hemor y INEXT 
CIF TMPHORCO11GS> LSS #426 => {Steck over flaw? 
( CYONS MD O)1 
CTMPMDE COIS PC COIS DI 
CTHPADP “011520644 NEXT 
(WRITE. Memory WERT 
CIMPADP?O115>+"45 NEXT 
CPE AD. Memory NEXT 
CPCCA 1S >> TAPMORC Ot 15> NEXT 
(BAILOUT INPUT, QUTPUT) 
) 
YNEXT LENO TF TRPADPC@1 15> LSS "4Z8 
CTHPADP. G1 15>» THPOPEG(@: 1b) NEXT 
{PEAO. Memar y NEXT 
(PCXO! 15>+ TMPMOR<@: 15>) 
NEXT BAILOUT INPUT. OUTPUT 
) 
DY NEXT Send If 


CVF CMDP*3115> FOL ‘O1LINALINMANAL => 
FSie C CTMPANP AG >e CPBPADR. 81 15> 4 1061510) )NEXT FS File search 
CPLAD. Memory INE XT 
CTAPOPE GSB: 15> THPMOP<@:$5>04 
CTP TPE GSA: 1S deAC26A 1S INENT 
Loon... Ly {START LOOPZ 
CTF CACICOU15> CQL THPLREGCOrIS>)e> 
( €PC6Os WSo+f PCB 15> 4 2b Bd) 
CBAIL OUT INPUT, OUTPUT) 
) 
VENT TEND TF (RC36O115> EOL THPIREGCO: 16>) 
CTMPIPRG* Or 1S 9+ CTHPIPEGCO:1S> © 1)¢15:0> NEXT 
CTHPNDP CO: 15>- THPYREG A: 1S> NEXT 
CP. TAINE 
(THPHOP: 0115+ THPHOPC@: 15> AND TMHPOREG<@: 15>)NEXT 
CTF CCRCQLG115> LEQ TMPMOPCO+IS>) AND CTMPMDRC@: 15> LEQ ACIC@115>))=> 
CCPC b> CPCCA IS> 4 OCIS OD INERT 
(BAILOUT ENPUT. OUTPUT) 
’ 
INEMT CEND TF (ORCC B1IS> LEQ TPPMDHCO115>) BND (THPMDRC@115> LEQ ACICO11S>) de> 
(AC2 6811526 THOU PE GCOS 1S) INERT 
{LDOP2) 
JIEND LOOP? 
NEXT BAT OUT INPUT. OUTPUT , 
) 
V NENT tend if 
'STAPT PAPT fo oof 2 COOIE-7? 10 WITHOUT ACCUMULATOR 
CTE COMDR C314 2eMDPC1O115> EQL '@OIITITIIANOECADRCS18. GEO LIAND(MDRCEI9> LEQ “21)))=> 
( 
(IF CMDPCS+9> FOL ‘Led 
INIEN. ( CIONCEDe'L)d {INTEN Interrupt enshle 


nee ee eaeer) Ria . ~ ee, 


Uvr 19. 1SPixrdo 


Vi 


CHAM AC Ad 100 73 Feb-78 J2:2?7 
tINCR.PC) 
’ 
TEND JEP MpP75.9> FOL 'd)d=> 
FOCMDPCS18> EDL '18)e) 
CCTDN Ade ONe 
CINER. PO) 
) 
JEND IF (ORCS 9> EOL '1)=> 


CTF CMOPCS19) FOL '1tde> 


i | 
INTDG: 
CLPOie 

y 

NE 

’ 
> NEXT 
{END PART Io 


!STAPT PART 2 


CUP CCMDPC32 15> EOL 'MOLO1LO1L1111) OR (MORCSHIS> EO 


i 


( (CPUATAC@:IG>+'@)1 
CINCR. PC) 

) 

END IF (HORCSI9> EQL '1)e> 

XT BAILOUT INPUT. OUTPUT 


lend of if 
f 3) CODE-77 10 WITHOUT ACCURLLATOR 


of 3 CODE-7?? JO WITHOUT ACCUMULATOR 


CHF CMDRC5:9> EQL '10110)=> 


JOPSt1« 


y 


€ (1ONCO-+'@)I 
CENCPL PC) 


) 
{END JF CMOR<S: 8) COL 10110) 


(TF (MDPC519> EOL '110A8)=> 


HALTi® 


C CINCR. PC) NERT {HALT 


(eTor) 
) 


YIEND IF (HORCGI9> EOL 11808) 


NE 
) 
) NEXT 


XT BAILOUT INPUT. DUTPUT 


tend if 


{ENO PART 2 of 3) CUDE~77 10 WITHOUT ALCUMULATOR 


' 
i} 


(START PART 3 


of 9 CODE-?7 10 WITHOUT ACCUMULATOR 


CIFCMORC3: P>@HORC 101 $6) EOL 'OOLLIEELLEL de> 


( 


(DECODE IPC B19> »> 


BSKPUN. CPUDe 


SKB? CPUre 


SEPON. CPUr © 


BFPO POUie 


( (DECODE (1ON<O> EQ '1)e> 
{ CINCR.PC) 


i 
C (PCCO1 Be (PCLOIIBD & 2)81618>) 
) 


VIEND DECODE CIONCO> EOL '!) 
(bene CONGO) LQL 'O)e> 
( (INCR.PC) 
€ iPeceise<(PEeDitys # 2061518) 
END DLCOOL (1ONCO> CO '1) 
rane. pt 
cco 183 Peco + 261818) 


YHEND DECODE MOP? 8: 9> 


Nt 
) 
d NEXT 


XT BAILOUT INPUT, OUTPUT 


{END OF IF 


{END PART 3 of 3 CODE-77 10 WITHOUT ACCUMULATOR 


{START CODE 77 


1/0 WITH ACCUMULATOR 


, 
CHF MOP CLAC Hb? EQ W277 0d 


READS 


INTALS 
HoKOis 


(DETOOL MOPS bt 2>—> 

(ENTE OUT ENPUT. OUTPUT Hs 
« CACUMDP C31 4 T+ SWITCH): 

CBALL OUT ENFUT. OUTPUT): 
ERC TOP. 3: 4>1+DLV. NUMBER) 
CINTHSK © ACTMORCS14>)0) 
CBATLOUT INPUT. OUTPUT TT 
(BATLOUT INPUT. OUTPUT 
(BAIL OUT INPUT. QUIPUT) 

YNEXT 

PC + (PCAPyer&iOs 

(DECODE HORCD:3> > 


CRAGeCMU- 180 


lINToS 


HORST 


Page 1-18 


Interrupt diveble 


{CLRD Cleer contro) pene) displey 


“eo 1GOG1 11111228 


1/0 Reset 


ISKPEN CPU Skip if interrupt enabled 


USKPB2 CPU Ship ff Interrupt disabled 


{SEPDN CPU Skip on power filing 


1SKPO2 CPU Skip on power OK 


1 see ae opr eteneene ESTE carlton atacand AS a Ea: emer” eee ee 


raat settee of 


+ Une MOEN me ea A tot PRN at al SOMME an Solin eo oS 


UYb 19. DSPOX2 PAC AAG peCM- 190 Za-Feb- 78 b2sZ? fw CAL 180 Pace 1-59 


(RATE QUT TAPUT.DUTPUTIE 
WA = 1 
TON + BA 
cCeoata + @ 
INE MT 
Hea OUT OTNSUT. GU PPT 
dy TEND CODE 77 9/70 WITH ALCUHA ATOP 
foreersreef LOATING POTN) SPL CIMPLEMENTED AS FIXED POINT eeecereenee 
19602 oplionel extended Instruction set - Fioeting polnt Instructions 
lerewcsemmenece WIS 2/9/77 snereeverecerscnwasnmnuspanene seus srnnen 


(hf tmde $517) eq) '100) and (nde <10115> eal @)=> 
Cletert Floating point a Itheetic 
dmpadr (01 152>Ctmpade (@ri5>¢1 C1510) maxt 
PLEAD. Memory newt 
tmpade (DB: 15>e 1 mpmde (8: 18> next 
P,OnTA nevi 
tdleOs {hoe tmpmdr 66: 15> newt 
timade (01 15) ( tmeradr (0115967201518) newt 
R.DATA nevt 
Gell C161 Od 2+ A mpmde (B15) newt 
(decode mdr (81 8>0> 


FAD ® (Ampdoubler enc: 82>" (1d) (O03!) 4 ac B60: 16 >emc1<O) 15>)¢a200> 9) 
fSoi8 CCmpdoublerey(81d2>* tecO¢Bt {Soeach<Br 15> MINUS (1813199692109) 
FHP. BEGIN 


4dOB 91> » wcO6Os 1b >eec 1G 18> newt 

Bian © 1dOCO> KOR tdd(O> newt 

CIF (de> o> ACH ALD © CHINUB tdOCBi dtd )CILI Od) 

CHE tl Od md Udd CO dd> © CHINUS Cdbc@r aid) 6PL18>) NEXT 
4mpdoublereq(8132> © (1100 @ TDL) 15P0 98)C3118> NEXT 


CTE alan ©> Umpdoubleregt0132> ¢ (MINUS (epdoublereg)(3)) 68>) 
ENO) 


FDVie HEGIN 
CUt tddCO1 dL) eqh @ > 
Covi <@>eh7 INCR.PC newt 
ballout input.output) Idivide by @ 
Y nent tend if 
CACC TL D+ wc MGs 1Sdemc COIS) next 
wign © td0¢O> KOR td1ca> NEXT 
CIF AdCO> wd ted & UMINUS 4d06019)>9692 10995 
CIF Gd > > ddl © CMTNUG ¢d1601919169218)) NEXT 
(mdoublerep + (Ct dOeNCdh1O>) 2 41169)10> NEXT 
CIF wien ©> tmedoublerew © (MINUS (mpdeuiblereg (1192796311 8>) 
ENO 
1 NEXT 
acOea1)b>+ Umpdoutslereasi i184 
ac AIG 6h mpduub ler eesh 7132? nent 
(detode adr (31 4)—) 
INO) Ino operation 
PEE mduubler ag?!) ag) BM CINCRPE DD) tehip on positive 
CUP Umedoubleree<i? and fe CINCR PCI) Iekip en negative 
(WO) Inormplize(not tmolemented) 
Yd next fend decode 
pe Oi th tpe 420d b1O> next 
bailout input. outpul 
Vtand floating moint wr ithmetic 
Ynevrt lend if 


Che Cede (517) eal T18L) ened (mei (181165) eg) Ohad 
(tetert Cluating paint canversian 
(decode mi (818m) 


FlOie UNOP D1 HHlogt num in ac@,eci(not implemented) 

Fite TNL) | ar . inal elo . 

FNM « ENOP)) Inormalize num ins * & bd 
«noP) funueed inate 


Yoneet lend decide 

Celocmede mek (214) 
(NW ‘au operation 
Caf lac?) eul @)e>CINCR. PCI) fakip an positive 
Cif tar deh) oy) Lye CINCR. POI) ‘hip on negative 
(NOP) ‘normallizeinot implemented) 

Vinewd lend decode 

INCP.PC NENT 

bellout dant nuded 

Ytend Flamting point conversion 
V nbxd tend If 


fesvnensnewserr Pi) Proourte Heneuemant Unit (ROLH [65K eneeeces 


Chetek C912) eal 'OOLTL) end (ude 18th? eal Ble> 


crea ee 


UY 19. TSP? LACAN TMU 100 73-Tebh-78 12027 Chee MU- 100 Pave 1-28 


begin (PMU decode WOIS 2/13/77 
TNCP.PC NEET 
Cree nite mele CB 98D 
nopt ‘unused inalr 
Wl ne 
hime 
ECALI 
Yonewt fend decode A 
heilout Inpul.outmut 
end PMU decode 
dV next lend If 
+ 


[wovarevmsnnevsonemenCatch P)lege) Instruct ionsesssuecssvenenesen 


Cif CHORSGI 27> wal '10) end CHOPCI0115> eal Oe) Hi level) next 
IDOA. Device Addresa(DA)»00 end DOC, DAeed 


CHE CHORGAI7> wql OMIT) and CMORCI@HIB> el O)e> I}legel) mext 
ISKPAN @G, SEPBZ 00. SEPDN GQ and SkKPOZ @0 


Cif CHDRC3t4> neg 0) and (HORM 7> wal 'Nitde> | tlegel) nent . 
HIQOSKP group, MORC314> » 1, 18 or th 


Cit CMDREB> eal 1) and (HDR517> eql Ole? idiesel) nexd 
1N10 groun, MORC314> © 38 or 11 


{ iF CHDPCHIB> eal '10) and (HOPCIN IED eg) O)e> Ilegel) newt 
IDIC, DArO) and DDB, DAaO 
{Used for floating paint optlan 


! Cif (MDRC87> eal 8) end (MORC}O115> eql @)e> Ileal) nent 
INID. DARAA 
(Used for Closting point option 


[wrnevweserreeerinnul"uinut Instruct lonsexeeerensnsseserurene 
(PC thCe} de) 6:05 NEXT 
DIGie (DECOOD HORS BY) md 


Nom) INID 
tantys {DIA 
QUTDEV) I DOA 
INOCY) {O18 
OUTDEV) 1008 
TADEV (OIC 
QUTDEV) (0c 
NOP {GKP INSTRUCTIONS 


NERY 
BAILOUT INPUT. OUTPUT) 


Ye TEND INPUT. OUTPUT 


! HTORE, ACCUMULATOR Uses Var lablem (HPMORCGI 16>. THPADRCOHIG>, ACIOIal<arib>, 
! HOWE 4D. POCOIIG>. 

! HRI MRE., ACKCURUVIATOR Uses Routines WRITE. Memory 

! STORE. ACCUMULATOR 

BIOPL, ACCUMULATOR = 19>) Store the contents in the specified Accumulator In (he 


Io» effective Memory Jocelion (mireedy in THPADR) end Increment the PC. 


CIBTAP) BTOPE. ACCUMULATOR 


CTAPMDP CO) 1B HAC IMD C814) 18115) NEXT 
(M.DATAN) 
{INCTR, PL? 


HTEND GTOPE AC CUMULATOM 


} 

! LOAD. ACCUMULATOR Usen Ver bebles ACIB:31¢@i 16>, MORCII4), 

' THPMOR COI 1H>. THPADRCO:IB>, 

\ LOAD. ACCUMULATOR® Uses Routines PLEAD. Kemory 

\ LOAD. ATCUMULATOR 

CONO ACCUMULATOR: & 1>>) Load dete from effective eddrews dete (in THPMOR) Into specified 


toa eccumuleter end increment PC by |. 


CYSTART LOND. HC CUM ATOR 


CAL TMDR< 91451001 15>¢ THEMDP CB) 1G 1) 


Fee eg eee ets sae cen RRR a i? 


UYP ET. ISPEX?ERCANA CHU 100 73 Feb-78 i212? Chel AU- 180 Pece 1-71 
CINCR.PC) 


JOUEND (OAD. ACCUM ATOR 
t NONMC.LFRFECTIVE. ADDRESS Uses Var iobles MOPC3:4>, PCCB:15>, TMPRORCBOrIS>, 
! THPHOF CO E>. 
! NOAC. EFFECTIVE. ADDRESS Uses Poutines READ. Memory. WRITE. Memory. 
! NORC.PTRPPFOTIVE OOPESS 
NUAC EFFECTIVE, AUOPESS: = 1>>> Decode op-code of NO Accumiator Effective Addrese format 

{>>> instruction, then Increment PC appropriately. 


CISTART NOAC.EFFECTIVE. ADOPESS 


(DECODE MOPC314> 2) {Decode op-code 
JMPoe CCPC O15 >+ THPADP CO 15>) r 
Ww \@GeJMP Programe Counter-Rff tive Addr we 


JSRis ( (ACL 3GiS>eCPCCOLIB> © 216151O>) NERT 
@UPCCOrf5>>+THPADPCAr 157) 
{@leJSR Jump to subructine saving PUL. 
820m 
(P.DATAINEXT 
CIMPHOP CAL 159+ ( THPHOR(O: 15> 4 1916182 NEXT 
tM. DATAD) 
(DECODE FTHPHORCAL16> EQL OF ad{Skip one If rere 
TINCR. PCD 
(PCO 1B > (PCCOrIB> 4 23616189) 
YIENO DECODE(TMPMOR<@:15> EOL 6) 
i 1100152 Increment the Effective Address contents end Skip if Zero 
DS2i= 
(R.DATAINENT 
{THPHOR«@1 1656 ( THPRDR<O1 46> - $)941510>)NEXT 
{W. DATA) 
{DECQDE (TMPMORCO: 26> EQGL 0) =>tBkle one if zero 
CINCR. PCDI 
(PECONIB Ie (PCCOIIED + 2)¢1806>) 
YIEND DELTOE (THPMDR<@,16> EOL @) 
’ {21eDS2 Decrement the Effective Addrees contents and Skip if Zero 
YIEND OECODE MDRCa:4> 


YeTEND NOAC ER FECTIVE. ADDRESS 
TEXEC1® BEGIN 
CTMPADR 01 1>+PCC@1 1D NEXT 
(READ. Memory NEXT 
(MOH4O: 182+ THPROR 01 15> NEXT 


(DECUDE MOR<O> «> Stef ithmetic or Logic cperelion 
( 
* (DE CODE MORGL27 9 
( (ADR. SETUP INE XT 1Get the effective eddress in THPADR : 
(NOAT EFFECTIVE. ADORE SS) 
of) 1085 No Recumulater-Effective Address formet 
LOAIe *( (ADR, SETUPINERT 1Get the effective address in THPADR 
UR, DATAINEXT \Cet dete in THPHOR 
(LOAD. ACCUMULATOR) 
MN {Ole port of One Accumulator-Effective Addr eas furmat 
stnie { (ADR. SETUPINEXT tGet the effective address in THPAOR 
{STOWE . ACCUMULATOR} 
i) {100 part of One Accumulator -Effective Address forme 
( 
UINPUT, OUTPUT) 'h1e 1/0 format 


! (This format hes numerous extended (HACKED) Instructions.) 
) ‘ 
JIEND CECODE MORCI12> 
yy 
CAP ITHMETIC ar LOGIC) 
INEXT TEND DECODE MDR«e@> 
Mil + @ 1 MSD + @ 
FND) 
INTERRUPT ie NEGIN 
DECODE IBN > 
{TON + OF 
AEHORY(@) © PC NEXT TORDINARY INTERRUPT 
THAR + SHAG) NEXT YIMDIRECY THRU LOC 4 
ADP. FETCH NEXT 
Pr 6 THPADP Ds 


TRPVINCH SEQUENCE INTERRUPT 
{TMPOPEG © MEMORY (DEV. NUMDEROMERORYI1 206150021 NEXT 
(COLCOME TMPOHEG“@> «> 

tSIMPLE 

(MLRORYIO] © PC NT XT 

MEMOPYI4) 6 ACI) TON © 6) PC > IMPORESCI 15) 

y 


{BPANCH AND NEST 
CIMPHDR « PC NEXT 


UYR1S. ISPLX? TBC ANA SCHU- 


) 
END 


180 23-Feh-78 12:27 CAAReCMU- 100 
PUSH. STACK NEXT 

TMPMOP ¢ BEMOPYIS) NEXT IGET CUPRINT Mask 
PUSH. STACK NEXT 

TATMSE 6 BEMOPYD(THPOPEG-19¢1410>) NEXT 
RUNOPYIS) + INTNSY NEXT 

PC + TW ePEG<ls iS? 

? 


19>99>9929>92999999>5999999999 END ROUTINES 


EPALCED 


INSTPUC TION. DECOOE t= 


BEGIN 


19>> Decode the next user instruction. 


! (etatuarG11S>+'OQOOKO1IIITITI0OInext 


LOOP i« BUGIN 


Pegs 1-22 


CF CHON NEG @) AND CINOT INTMSK AND DEV, IBIT) NEO @) #> 


INTEPRUPT) NEXT 


IPKEC NEXT 


4.0OP3 
€NO 
END 


YIEND ROLM 1602 


Tr epee meees a 


Stiiee oa oe oe OY = 


eeaeaatieninnetae 


5. AN/UYK-20 ISPL Description 


+ ne ae 8 a Us Pt + Mase ER th 7 mpALS eg abies hat . be gg ORR errr re - 


UTP PO. SPOR TARAS lel MU 1980 T3-feb-78 140497 WD 1SeCMU- 160 Pege t-! 


THE AN/SUYK-20 LBP 


' 
! 
! 
{ 
’ 
{othe ANTE PR TSP ve based an the icformattan contained In 

{ the SPLPRY UNIVAC document *AN/UYK-20 TECHNICAL DESCRIPTION". 

t 

tThe ISP description includes ml) the instructions listed In the 

fabove document except for the following: 

| 

1) The Trlannometric and Hyperbolic Functions (OPCODE 037) 

2) The Fleeting Paint Instructions (OMCODLS #6@ to WS) 

3) The Double Multiply and Divide Instructions (OPS WEE and Wb?) 
4) The Square Root Instruction (OPCODE #4, M-cdesig 6) 

§) the 1/0 Instructions (COPCOOES #78 te WP?) 


{ 

{the Interrupt syetem end the TOC channels ara partially imniomented. 

Hin each case ¢ (he required state ip defined. the only interrupt 
timplemantad shouaver, ba the Claes Il-Priority | CP Inatrurtion Feult. 
{This is generated when eveculion of an unassigned oncode is attempted: 
the un- implemented inglructiona (exrept for floating-point) ere treated 
Yan (f they were unesaigned opcodes, The service routine for this 
Vinterrurt te merely @ trap through locetion OOOO, efter iilch 

{ihe machine is halted. 

{A mauedo Cloatinu-point instruction set ts substituted fur the “genuine” 
fone, A pimple F.P. format Js ensumeds whereby each F.P. number occuples 
t? consecutive words (the more-sianificant being on en even boundary)) with 
fan implie(4 binery pont belywen the two words: This ellows the use of 
{ilw integer ariitmetic of the POP-IA fon whiich the simulator rune)» 
Hinetaad af (de Cloating-points whieh is noncompetible wilh thet of 

ithe UYk-28, 

t 


t 
{ 
{ 
! 
| 
| 
\ 
' 
| 
| 
{ 
\ 
t 
i 
! 
! 
' 
! 


Send comileinia and/or coments ia terem Bavalleh eC. 


UTE SR. LSP UZ EOC ar eC FAD 73 Feb 78 1403? WO) Sel PU $80 Page 2-1 


UYFIO Ve 
COL CL APy 


1 
! 


Nath memory 


HPL) 7797715 Oe 


1 64 0 werdas 


Non-dr struct (ve tead-only memory for toolsteen lomding 


NOPOLA et? WORM AAI S Ad 


Ade able cegister definitions 


HALA OLAS ds 
PLO eb Fie 118s 


Paro ea7 TC Gt8>) 
WIC31 Md 

HONE 161001 

QPPOPNT 161d) 


Proceanor atate registers 


Pelhi as 


SCT GO) 

RSFLCTO? ve GPLCH4E 
MBELCTC) 1e HPICd2D) 
CHEPY4> Ge SPECLID) 
Ceri Wed b= BRECEODT 
COORSCUIG> ve SPICED) 
OUPFMECS 12 SPIO?) 
TLPTPIC) 19 SPLChDI 
CLANBIG> oe BRIO 
CLABT EC) oe BRpCr Dy 
CLALLES) ie SPLCdy 
QMAC> ie BRICOI) 


GR2C15180) 
ICH6<110> ote BRAK 4) 


(Generel) registers 
{Optional second set 


{Paye adck ess registers 
(Reel time clock 
than itor clock 


{Breekpoint repister 


‘Program address register 


‘Status register | 

{General register select bid 
tHein ot ndro memory select bit 
\Carry Bit 

{Overflow bit 

{Condition enede designator 
{Enable overflow interupt 
fEnable floating poll round 
{Fnabie clase | interupte 
(Enable close IT interunts 
{Enable clase U3) Intarupts 
{Crable dma 


{Sistus register 2 


MIndirect control bite for register 1 
(Indirect control bile for register 14 
lIndireet contrel bile for register 12 
{Indiewet control bile for repiater 1) 


TCHL4aehiG> ove Ghactai2)) 
ICHL211O> ore BPTI Hy 
ICUINCT 18> re GM2CM Bo 


INPICD< 7109 oe BRZ<71 AD) 


Instruction Pegiater 


PPTIMP CS G1Gd7 

TPe tt) re IRTP HPs LheO>) 
OPUDOL br O> ce TRIERPCTbH IBD) 
HCODE EO ce TPTEMP. BO) 
PEGE 91> be TRILMPC P14) 
HPLGE AiO oe TRTEMPCa 1 
SCOOT E) se TRUEMP OP ds 

OCODE+ GO ce TRIEMPCEIO) 


Internal regiat 


HICPOR CI G10 
Wye 
1ecbiay 


ER A AP eT OOF EEN IARI at a ET 


cma a 


(interunt code 


' Temporary Instruction Rayister 
I Inatruction Regtster 

lOpende 

Foe mal code 

'Aranister deal gnetor 

1M register designator 

Sign deaigneter for locel juss 


{Diaplerement deaiwiator for local jum 


SMitropr ogre nm counter 
NInteruntl code } store 
'interupt code 2? store 


he hie he ibe SS. 3) rU es ors ae We A Ie Pew 21 


t Verde mtore and quiet at frame the retool cee] 
1 
Cah ceo TS pga Wing l -otse Ketel 
Lowite tn order ate me vas eten candition 
Cuahpe 4 Pe we abee aus eter ft 
ae A Eee Le oe So + aie 2 
ete "Aeotete as mow me select switch 
Vortec ‘Cemed aneeti hy 
'Tmusee @ masioe clem fo)})nugd by » load 
Mal Ber ‘Master cleew saileh 
PUNO ‘Bun sndigatar. Liaite wen ia run aode 
VOTH ‘Bovet cul of tolerance indicator 
PGR Tea 'Praw ae tault indiceter 
(ore Tce ¥4 'hrow ee fault clea 
(WW FTPOC> 'Breatpolnt rend eveble awiteh 
WEP IWTOdd 'Rerelpornt write ensble awidch 
DOE [Dinqrostic jump switch 
t 1/0 WEGISTER OCT INT TIONS 
i} be ““ ai teas a ee 
MACE VtS By ‘Yue channel conteo) sendy 
11? cwgietere For gach of (6 channels 
INPUT COOLEST 'Inrut porte 
OUTPUT EM PA Ci bs Ory 'Oulswt per ia 
CF iid 'Trlernal tnteruol enables 
Gxtephety: (Celernal imlerunt channel number 
PHTIST UD AIE> ce URTCNb Oo) 
7 (det Woe 'Culernel interupt Lines 
PRALIGE My AIC> be ELI BoE 
DaTeE ae aby "Dale temest lines 
QUITS (B11) ce OATMLaCas Ad) 
CHWUINE DL Mon '1/0 prope me chain inatruction requeat fines 


SUTTS(31O)6> ce CHAINGH 10>) 


2 RIE TN oa att. See taal et re = 


‘oe erste ate ve 


ther JR ORG 

werD 1s @ 

NS Cp My) OT Ber 

res ee a 

Twi th @rr 

ee 

wit UO ew fete eB 
PER Pe oe TET A D2 

Myths 

BrTSe Le a 


Hees PH a, 
ode aed ee] 
TE rey . Pe 
Tee ae 
ee 
(MAKI ed Ory 
Yermee 1h aa, 
VRAIGI Gea) ce TEP Gree 
PEP Pea toe 
tte ot 

PO og 
Mot 

Teepe gy 
tee bites 


CTE pi gog 
Cheater dre 
RICCO 
Hie ve 
HONT NE Cot 
PICs 
SUPEGe 
1Obeys 

ALA bed 
PeaA DG 
Outer 
THRE 
INTEL GED 
VOW? > 
PLN GE 
WLC HHS vo 


- ste 
ve fare eke 
eo % = Fe 


“Neer ad boom memes 


ao ws, ete tle 
Searathwr ene 

‘detec ect weed 1 
[na 
'y Be 


Svea a 


Ne +e wale 


"Bele orerend les 
‘VaAty byte cele: Ser 


‘Habits memns s add ose 
‘Holds velue telurned 6+ em meme 


Teahle lesath ene end coasted froe Pa ont Carl 


' ferolhwr ane 


mad Meth ef © bbe letagth creed fo se spares 


SOge pavedo Peating poiat tnatryuctieans 


Serbo wae! radiant 
‘Yemeor arr couteler 


‘iv. (hee ene 

Dep htt eee mp 
UR eT 

'R thied one 

'T bot temeora ye 
‘enother ong 


‘Counting  eqister Foe identifying te 
interrupt cloes 


1 Sah sade (here 6s gt inter rund 
1 Bel wren interrupt te heared 
WWeasle Leerute imetrurtion flag 
'Mamory selector (fF 9 NORD! 


me sate 


channel 


bee GR pete et W100 Deter Bye wee 10D Pore I 


t Pe md Pew 
nM | ose 
CEDECOOE PSEL ET ©) GPP |S<Ar 6 POLEHEG! 15:0>1 OPM ES A> © PIIPMEGHCIS Os) 
OPeneiB> . 8 
Ve: 


{ Rint Pe 
ase Ore 
TOR CODE PSEL CT ©) CHHACTS Ss 6 POLAPELI $510) OPATIGIS> » PILATLICIS OIF 
Orrpacib, + @ 


Me 
t Pemd Re 
SEL at 
UE DECOOE PSELET o> OPM GB) 6 PREARLGHC 1S: O>1 GRR 1S1O> © PILIPEGICIS @d!) 
OPPYC 1B) + @ 
Vy 
: Write in Pa 
ASEM ce 


(DOE COOL PSELTT «> PULAPEGE © GPRACIS:B> 4G RILAPEG] © OPRACISIO> ); 


' Write double-word operand in Pe end Rar! 
ASELOW be 
UOECODE PSELET > 
CRAP AREC) © TEMPOIC3}1IG> 2 ROLIAREG OR 'ROAYIT © FEMPOICIS OD: 
(RET ROEG) © TEMPOICITS 1G) 1 PILI REG OR ORI )) © TEMPDICIS«1 OD) 
om 


! Pead dauble-wir J operand from Pa end Ra} 
ASCLOR oe 
¢ AneLR 
owt TEMPOICIS IE © OPRA 
next (OE CODE PSELCT ©) 
+ OTEMPDIIG:O> © POLI AOTG OF SOOCLI) 2 
TEMPDICIS:@> = RIL CAREG OR '000,)) 


uM 


I 


Pre SW TL a frag TAD la bet 8 44-3? W1Se! ae PAD Pow 6-1 
e 
' EVIQUUIFS 2 0 


u Beas Basar t od Le lee tina 


' wooecsemeccsonns 


Ny ONT. 
PTE PCG Be PART ME ROOS 1511020651875 TERS: Be MR WD 9-6) nent 
WHICHM + f 
f 
TER LEQ e727) 
COLA LEQ 9477) AND (TEMP GEO 8908)! 
1 AND 
(MASEL CT EQ @) 
’ 
"I 
! Hemory Pead 
i wreccer:- ppeecerereses 
MEMPLE re 'Memory referer e, address in MEMPOD, dete in ho MAL 


CHNGHNT cee 
COE CODE WHICH ed 
CALMVAL CESIFO MPL ILA CS AIA be Obs 
PAUL CPS 1 Oe NOROL TEMP CTS 1 CrP IL C1668) 
) 


iy 
{ Memory Wete 
{ eeeverenn «2 
ALMOUT 1 {Sinqie-s door byte memory wite. address in PEMD. date . OFRY 
CHNUANT newt . 


Chr CWHICH EQ @) > 
PARLE RADOCTH11G>}49S> 6 3 
Newt (DELNOG BYTE «> 
PPLTEMP) » OPPYCISIO> J 
(DECODE JVISEL @> 
MPLTEMPD<3S16> © OPRYC71O> 2 
MPUTERP 36718) © CORYC718> 


H 
) 
) 
My 
HEMOTO ve 'Dauble Memory i ite 
{ MeMOUT 
meet MEHAOD + CAEMADD OR 1)C1518> 1 OPPYCIS:d> © OPRYL 
newt HELMOUT 
Vs 
! {Indirect memory addressing mode 
t Pu Seon sore ecavESDesesDoaeeeeNES 
INDPCT 1 VJeaves addi ess of indirect operend ir MCMNOD 
( NPL 
ove Toi 6 MEMUALCES10> 5 MEMADD + (MEMADD 1901516) 
nowt  MPEE 
newt TW + MEAL C15.@> 
next ECUDE JFIELO => 
TEMP. Oa 
{ XGSFL 
next TEMP + OPRECIS1AD 
Ve 
TEMP + DPRPMCIS1O@> 3 
( PrefG © (MP RO196918> 
oert MSFL 
nert TEMP + OPPNCIS10) 
) 
) 
need CIF CIWisi4> EQ bred fF PRMADD © (IW2¢TEMP IC 151 8> 
hel }NDRCT 
) 
ve 
CIF UfWicd4> NEG 1} ©) (DECOOE BYTE => 
MEMADD + CIWZ4TEMPICISH@> 2 
(RMD + CIMZOT TEMP 15P0 $290151@> | BYISEL © TEWKOD) 
) 
) 
yn 
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! UTIL ISSES 4 3 
' eiacesieiSese, Saye 


! INSTRUCTION FCeMATS 


! opm wennenenenescene 


t Praigter (o Pryister 


PP te 
IMSEL net 
OPPY = OFFA 
us 
! Preister (o Immediate 
Prous ! leaves address of operend in MEMADD 
TASEL newt 
MERADO - OPPMCES:8> 
Vw 
Rites 1 leaves the onerand in OPT 
(PL newt MERCER nevt DPRY + MRPIVAL)? 
! Peaqister ~ Cunstant 
Prose 
(MSEL 


MEMADD + PCOUNT next 

PCOUNT + (PCOUNT¢}2¢'S1@>) 

HCMREF newt 

CTF CMPTG EQL @) => DPRY + PEMVAL): 


(IF CAPED NFO 8) ©> DPRYC1596> © [RERUALSOPRHDCIB1@>) OPRYCIE> » @) 
My 


{ Pegister Indexed 
INDY 1s WIndenwing 
(DE CIDE BYTE => 


AEMADD «© (HE MVALOPPM ICIS: @> 1 


(MEMADD © CHEMVAL. + (OPRM 1SR0 11161518) 1 BYTSEL » OPRN<é)>) : 
My 


BX te Sleeves edidvese of operand in MENADD 
(MSELI 
HERADD & PCOUNT newt 
PCOUNT » (PCOUNT#}3<1518>3 
HHMPEF newt 
CIF CMPEG EQL 0) => MEMADD + MEMVALCI5:0> » BYISEL + B)) 
CIF (MPEG NEO 8) @> 
CIF CMPEG NEQ@ #10) AND (MPEG NEO 12) AND (HREG NEQ 414) AND (MREG NEQ HIG) ©) JNOX)) 
CLF CUMREG CQL W410) OF CHREG EQL 12) OR CHPEG EOL 084) OR CHPEG COL W16)) 2) 
CTF CHPEG EQL WEG) ©) TTEMPCH:AD + ICHIO)) 
CUP CAREG EQL wf2) => TTEMPCH6> © ICBIZ)) 
{TF (PREG EQL 014) @> TTEMPCH1O> © ICHI4)) 
CIF CPREG EOL #16) ©) STEMPCH1@> © ICBIE) mend 
(DECODE TTEHPC118> »> 
INDX) 
TNDX) 
(MEMADD © MEMVALCISI@> next INORETD) 
(ME MADD © UMEMVAL4OPRH)¢1518> next INORCT) 


PKI ve ' leaves operand in OPPY 
{RY newt MEMPLE mext OPPY + MEAL): 


sete ee meee ee SS enna ae ey 2° 
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| UTELITICS 7 4 


! INSTRUCTION: FOPAAT DECODING 


1 wenertwenpaectee Rese seenereeE 


PDCONE 16 
(OL CODE FCODE «> 
PRY 
Rida 
Rea 
RK 
i) 
' Hiflo Byte selection 
t PUDNEseSUANESEOESEOE 
BYTRO 1s 
¢ TTMP + OPPYCE5@> 


next — OPPYC!SIM> « @ 

newt (DECODE BYTSEL «> 
OPRY<710> © TEMPCI518> ¢ 
OPRY(710> + TEMPC?1B> 


! BYTE WRITE 

t wsrvessvenn 
BYTWT ae 
( ABELR 


next OPRY<710> © OPRAC7)@> 
next MEMOUT 
7] 


{ Read Onuble-word operand from Rm or memory 
1 POPP PSST PE OU PSSTTSTPUSSSPPERTEURSTeEeEEEe 


DOBSTL a= 
(CIF (FCODE EQ 8) »> 
HEEL newt 
OPRY © OPEN next 
{OCCODE REELCT => OPRYL + ROLIMKCG OR 'OOO1)1) OPRYL + REL(MREG OR ‘oeRlt)) 
(IF (FCODE NEQ 8) => 
FOCODE newt 
HEHADD + CHEMADD OR 1161510) next 
HF AREP nant 
OPRY) + MEMVALCI&1@> 


{ CONDITION CODES 
{ Reevenevesvanae 
. 
thors tPnr eingle opernds 


CLTP CORP DG) EO MP o> CLORG + Ad) 
CHE (OPPAKGS? EQ $d 9) COME > Bd 
CIF (OMPACISS EQ PD AND (OPRACI410> NEG @) «> LCDES + 3) 


CCD im {For dovole oper ends 
(ULF CTEMPDICIL1a> ECL 6) «> ECDLS + @)) 

CHF CTEAPDICGL> EQL 1) ©> CCOCH +» ale 

(UF CTEMPOICIL> EOL @) AND (TEMPDIC300> MEQ 6) => CCOES «© 1) 
ya 
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! UTILITIES / SG 


{ e-Se eiam 


| Interrupt Servicing 
{ eben neonecerenenes 


INTPPT a, 
(UNF INTFLG =) 
(HONTP + @ next 
{TP (CLASS EQL 1) AND CLASSE #> CHONORO LI TTEMPea2e 1) 1 
CIF (CLASS EGL 2) AND CEL FQL @) > CHONOPELIUTEMPemIe 2) 
CIF (CL.AS5 EOL 2) AND CLASIT => (HONOPODIITEMPeMI 1) 1 
CIF (CLASS EQL 3) AND CLAII ©> (HONOR TIITEMPO® 3) nent 
CIF HONOP «> 
{MEMADD © CETEMP+W1101¢01518>) OPRYCI518> © P nent 
MEMOUT newt 
HEMADD ¢ (ME MADDEL ICIS: >) OPRYCI51O> © BRI newt 
AEAOUT newt 
AE BADD © IMP mnpO+h) <1b1@>1 OPRYCIB1@> © SPZ nent 
HMEMOUT newt 
AUMADD © TMEMRODHL C1511 OPRYCIBO> © RICCIBI@) nent 
AE MOUT newt 
HERAOD «© TMEMADDS4)¢18:0>1 OPRYCIG1O> © RICCH111B> nent 
AFROUT newt 
HE MADD © IMEMADD-21¢1610> newt 
MEMPEF newt 
BSP) > MERVALCI5:@>2 MEMADD © (HEMADDH) C1518) nent 
MEMPEF nent 
BAZ + MEMVAL<15:0>7 HEMAOD © (HEMADD-2)¢1518> next 
WEMREF nent 
{DECODE CLASS e> 
CUTEMP +L TEMPD) tho taka core of CLASSeO 
CITEMPCAIOD © Thi TTEHPCIBI4> © @)) 
CITEMPC310> + Thy TTEMPCHG)4> © @)) 
CHIEHPCB1@> © 12¢610>) TVEMPCHG17> +B) 
Yrewt 
Pos CREMVAL *TTEMPIC16:@> 


) 
) 
d newt 
INTFLG + 8 
Mu 


' 1/0 channel search operal tons 
4 BPORTOTOOSCOTTSE SSPE PF SEEEeEES 


EXTINT © 1 Externa) interrupt 
{ 
(DECODE PHITSICTEMP) #> 
(CTEMP © I CTEMPODCI5tO> ment 
EXMTINT 
Vi 
(MEMADD © COTEMPO170 C1518) newt 
OPPYCI610) © PNPUTI CTEM) nent 
MCEMOUT) PULTSICTEMP? © 1) WAITBICTEIP) + 8 
i 
’ 
Me 


DATA 1s ! Date word fetch or store 
{ 
(DLCODK OUTTSICTENP) ed 
(CCHEMP © (CTEMPOLICIB1O> next BATALI 
(QHITSICTEMPL + @ sent 10P0T) 


Sa eee oes cere nee em wh eee 


! Unassigned ops 


te 
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t UTILITIES 7 B 


! 1/0 inetrurtion feteh ond evecute 
I! weevwsarveccacusscrceuviseunesneD 


TOINST 12 

( 

(CDECOOF SOTTSICTEMP) > 
CCHEMP © (CTEMPO} 1295105 next JDINSTIE 
CHAITS(CTEMP) © O nant 
CORCODE ETEMPCO> © > CIEMP © (CTEMPSO66)¢95:0>) CTEMP & (CTEHMPRG62)¢15:0>) newt 
PCOUNT «© (TOCCICTEMP1+99¢1516539 
HEMADD + TOCCICTEHP) newt 
MEHPEF newt 
TR + MEMVAL<I518) next 
CO CODE newt 
IPCCICTEMH) +» PCOUNT 


m 
t UN-ABSIGNED DP CODES 
t PUROUveNEbUOSH ROEDER 
TAUILTE om C TNTELG*$s CLASS+2) Td+Ods 
t NOOP FOR CODES 78 - 7? 
t PO 


NOOF +e (TEMP © TEMP)) 


ca a at ee a Rl Tt ewe val! wk aa Ce Se: cast ee br 
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! TNSTPUCTION PEPER TOIRE 

t ie. aha Spade Bahar Apaie tae e 

t A (OAD INSTRUCTIONS 

1 wren ereeeee ry PeRee EEE 
Loapo ve 


'DOLSEL newt 
TEMPDIC31 10> © (OPRYMOPRYI1¢3110)) CARRY + 8) OVRFLW + 8 next 
ABELDW + CCO 

yy 


PAPLD ve 
(MLAPEF newt 

PARIOPPACGI@>) © MEMVALCI6:6> 
y) 


PROST rm 

TDPRYCIEIA> © PARTOPPACKIOD) newt 
HE ROUT 

Mv 


PARCNT i 

COMP CITEMPCHI@> NEQ OPRACI3:8>) => 
TTEMPCHI@> © CITEMPCH1G>¢) (5103) 
MEHNDD » (MERADDG!)¢1510>1 
OPRACBIO> © (OPRAS) C510) newt 
CDECODE UND @> PARLD? PARST) next 
PARENT 


HOPCODE «© 01 


LOAD 16 

{FDGODE next 
OPRA + OPRY) CARRY + 8) OVRFLW © @ next 
ASELW 1 CC 

ys 


{ END OF OPCODE @1 


Jenene seen ae ee er eee 


Juwnenne Me ee be eee ere a es emeneneenvaseernsenanssweshanunene 


HOPCODE » 54 


LDAOPG 1 
(DECOOE TFCOOE EW 2) ©) 
{ABELPI FOCODE next 
PART OPRACG:@>) © DPRYCIS:©> nent 
CIF TFCODE EQL 3) => UNO + 6) TTEMP + @ next PARCNT) 
i 
FAULT 
M 


1 END OF OPCDDE 64 


Jeeteekese egrisavcecsaences prenes eegereisesests te eenndeneneennnnnanen 


Ub SA. TSP EPA HON Leal MU. 100 


H AY LORD INSTEUCTIONS 
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(CONT'D) 


\ Pv eeurssescerevervesrescerree 


!UPCOQODE = BZ 


COMP ie 
COIR CF COME FOL 0) a> 


(DECODE HPEG @> 


PR ie 


PREG te 


+ Aa RAN temp ee Da RE RA 


tHake positive 
{ASELR newt 
CIF OPRACIB) »> 
OPRA © (MINUS UPRAIC1H18> next 
CIF (OPPACIS/@> EQL W}@QN0G) ©) OVRFLW + 1) CARRY © 1)s 
(If (OPRACES:(6> NEO WiGCO00! ©> OVRFLW > @) CARRY © 6D) 


ASELW » CC 
) 
it) 
IRake negative 
(ABELR newt 
CLF (OPRACIS> EOL 8) AND (OPRACIG:0> NEQ @) => 
GPRA + (MINUS OPRAI(I5: 6) next 
CIF OPPACIEI A> EQ a1@00e] #> CARRY © Ide 
CIF OPRACIG(O> NEG W19000! ©> CARRY + O) 
OVRFLW © @1 RSELW 1 CC 
) 
” 
Pound 
(ASELDR next 
(DECODE TEMPDIC3ID «> 
CVF TEMPOICI5> => 
TEMPDIC921 16> © CTEMPOIC91116>099¢16:0> nent 
CIF (TEMPDIC3113G6> EQL mJO0@88) ©> OVRFLW © 10) 
CEP (TEMPO1(311 16> NEO H1O0008) => OVRELW © 6) 
yy 
CHF (NOT TEMPOICIB)) #> 
TEMPO} CIS IG> © CTEMPDICDI 1B>-19¢1618> nent 
CRP CTEMPOICS1.1B9 EQL 477777) => OURFLW © 1d) 
CIF CTEMPOICEL 16> NEQ 877777) => CVRFLM © 8) 
, 
) rent 
CARRY » TEMPDI<32>1 
DPRACI6103 + TEMPDIC22) 1G) nent 
ABELW a CO 
nN 
FAATIN 
Mae aE et CR Mga te ee — _—- 


eeeneneeneeniet 


e 
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' Al LOND TNATRPUCTIONS CCONC'D) 


{ PRHTEETES MeSH ETE TOUS ERSE RSET 


TCP is 


TCOR is 


OCR 18 


TRO ae 


DROR 16 


IRIR is 


ORTR +0 


) 
MN 


t END UF OPCODE 92 


‘Tune complement 
{ARELP newt 
OPRA + (MINUS OPPAICIEI@) next 
CIF COPRACHSI@> EQL mJOORO) «> OVRFLK + 10) 
CIF (COPPACTS:@> WEO BI@QGNA) 9) OVRFLW + OP) 
ChRRY + INCT OPRACIG>). ASELW y FC 
y 
!Tuce complement double 
TASELDR newt 
TEMPO) © CHINUS TEMPOL}<¢3218) newt 
CIF CTEMPOICE1 18> EQL mZeNCNHCONOe) &> OVPFLW © Ld) 
CIF CTEMPOICS110> NEQ m2e80r00NNOO) => OVEFL > @)) 
CARRY + (NOT TEMPDECS2>)) ASELOW *# CCO 
7] 
tOnes comijement 
CASELR newt 
OPPACIB10> + (NOT OPRA) newt 
CARRY © 8) OVRFLW + @) ASELW 1 CC 
y 
FOULTY) 
lincrement Re 
CASELR next 
OPPA + (OPRAG1 C1618) next 
CAPRY © OPRACIG>) 
CIF COPRAC1§1@> EQL wi 00000) «> OVRFLW + fy 
CIF (OPRAC{5:6> NEG HJ@0000) =) OVWFLN > OF 
ASELW FCC 
in 
‘Decrement Re 
CASELK nent 
OPRACIE> © 1 next 
OPRA » (DPRA-1)¢3610) next 
CAPRY «© (NOT DPRACIBDD) 
(DECOME COPRACH41@> EOL 877777) ©) OVRFLW © O) OVRFLW > 10) 
ASELW » CC 
{increment Re by tun ‘ 
(ABSEIR next 
DPRA > (OPRASZ1C1610> nent 
CIP COPRACIGI@>) EQL M1G0000) OR (OPRACIEI@> EQL #190001) &> OVRTLW © 1D) 
CIF COPRACIGVG> NEG W160C80) AND (OPRACIE1@> NEQ 100081) »> OVRFLI © 81 
CARRY + OPRPHCIG>) ASELW ) CO 
ys 
[Derremont Re by tuo 
{ABEL tent 
APRACIBD © 1 ment 
OPRA © (OMRA«21¢1618> next 
Carey © (NOT OPPACIED)) ASELW » CCI 
(DECODE (OPMACT€1@) ECL 077777) OR (DPRACI4:0> EOL w777778) «> 


OUTLA + 45 
QURFLW 6 J 
) 

” 

FAULTY) 

FRATI 

FAATID 

FALTI 


TYP CFCODE EGE 4) OF (FCODE Eel a) => Lonodd 
CIF CFCOOL EQ, 2) =) FAULTID 


UVP COL TSPE RC PACANO Dal 10D eA-Feb: 28 1413? 


! ny Loan 


TNS TPUC TIONG ECONT SO} 


' ‘ 
FOPLODL © 05 


UCTRL 1m 


WOLSeCMu- 100 Pave 14-1 


| Unery Control end load Mult lele 


( OF CODE FCOOE => 
U DECODE MPEG «> 


ER 10 


SBOP se 


SBIR ve 


TCR te 


LEM oe 


{ Creculive return 


CUNTFLG+ {CLASS 2011661 OPRACIEIG> * PCOUNT next 


CARRY + M1 CUPFLM © Qi ASELME CC 
VM 


1 Store SA! 
{OPPACIBIO> © BRI newt 
CARRY + @) OVEFLW + 6) ASELW) CO 
yy 


1 Store SZ 
(OPPACIGIOD © SP? newt 
CHPRY © @) QVPTLW + @) AGEL) CC 
) 


{ Blore RIC lower 
COPPFCIBIGD © RICCIGIAD nenl 
CePPY = @) OURILH > GQ) AGELW FCC 
y 


{ ANCLF newt PCOUNT + OPPACIBI@> Db) 
UABELP newt GPE + OPPACIEI@) J) 
( ABELR newt SP2 + CRACIGIG) J) 
C ABELP newt RIC + OPPACTSIG) J) 

| Eneble ATC, 
CCLF (AREG EQL O) #> RICE © $I 
CIF UAREG WEQ @) ©> FAULTID 
wy 


Dienble RTC 
COP {MPEG EOL 8) > RICE + @d) 
(IP tree NEG GO) => FALATID 

uM 


(ABELR nant 

HON «© CHWAC THAD newt 
HONE ¢1) MONINE + 1 
y 


| Load P repinter 

1 Leod SRi 

t Lowd BRE 

{ Load lower half of RIC 


Lued end enable the Monitor Clock 


wv ene oy 


Ure CA. TSE DU ree pay 10 


‘ 
‘ 


TD Fah OH 11137 


AL LOAD ENSTRUC TIONS (CONT'D? 


"Disable Monitur Clock 
DACP ve CRONF «© ®t BONING «© @)1 


1 Loud and enathie Clock Double 
LCD t= tASELOP newt 
RIC + TEMPDIC3110> newt 
PICE + | 
Ms 


{ Store Clock Oouble 
SCO ie CILMPDICOIIO> © RIC nent 
ASELOW) CCD 
y) 


Enahle Clock Interrupt 
ECIR ve ((TF (APEG EQL 6) ©> RICOT © 4) 

(IF (PEG NEQ OF => FAT) 

yy 


Dinable Clock Interrupt 
OCIR i= (CIF (APEG EQL OP => RICO] + @)) 

CHP CAREG NEO @) > FARULTID 

) 


uM 
FAUATI: 
FAULTS) 
( ALAADD © PCOUNT newt 
PCOUNT + CPCOUNTOS 2 C1610> newt 
HEMMER newt 
MEMADD + MEMVALCIBI > rent 
{ DECDDE (APEG EOL MREG) @> 
LOOP) = CAEMPEF next 
OPA & FEM nent 
AGELW nent 


{ Load Multiple 


WD1SecM- 160 
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PREG © (APEGS19¢91G> 1 ALMAOD © (MEMADDO)CIS1@> ment 


CIP CAREG NEO (hmeted 16918) +> LOOP) 
Me 


( MEMREP next OPRA © PEMVAL newt AGELM ) 


| END OF OFCODE a3 


[Meee nee mere n eee earn eee Oe enn tenes conn ener en eea a neesEeEneee” 
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v fe FOnO TNS TEUCTIONS ICONT*DT 


1 PoreevtypresParavessseneeetene 


| 
ORC HOE = Om 


LOAD] 1. 
'Set bit ; 
TOV UF CODE £OL B) => 
AHELP newt 
BUISIOPEG) © 1) OVPFLW © @) CARY © 8 newt 
ASFLM a CO 
N 
{Load and index 
(tf (PCO £0. 1) OR (FCODE EQL 3) => 
LOAD iewd 
CIF (ar£G NTO MPFG) »> 


{DECODE PSELCT ©) ROIMPEG) © (OPPMO1ICIS10>) RITAREG! © COPRHOS)C1H OD) 


) 
i) 


tif (FCODL EQL 2) 9> FALATID 
ya 


! ENO OF OFCOOE 65 


[en So MS thie oa cet ueeels eee cetwne envevebens bocesceaneeersceswecseeen 
[senntibtioienea. Seaveseetecuaesetedy Sauccenes ances weeeoespuescesowes 
tOPCODK » 06 
?t POAT ie 
Y2mra bit 
COUP tFCODE FOL @) > 
ASEILB newt 
OLTSUMREG) © 8) CARRY + B81 OVRFLK* @ nent 
ASCLW ICC 
7) 


{Load double and inder by (wo 

CPF CFCODE EGL 3) OR TFCODE EQL 3) ©> 
LOADD next 
{IF (AREG NTO AREG) ©» 


(DECODE RGELCT => MOLMREG) © (OPHMA27¢151@>) RELAREG) © (OPRHO2K15)@>) 


] 
om) 


CIF (FCODE EQL 2) #> FAULTY) 
oF 


1 §NO OF OPCODE 06 


te we ewe nw eee eee Meme we mw een nes eewoune 


eee errs Beet neerentene 


lopcopt = 90 
BYTELO te 
!Dietnowtic return 
(DECODE FOODE => 
(DECODE DY => 
PAALThs 


(DECOOE PEI CT ©> AICCOP © POLWE7T) MICROM + Rilet7)) 
Ua 


FAULTS 

FAURTES 

{Byte lod 

(BYTE © 1 mext Pl meet AYTRO newt 
UPPA + OPRY) CAPRY + 8) OVETLW * @ next 
BYTE © 8 1 ASELW » CC 


yy) 


1 END OF OrcoDr oA 
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eer wee ee ee eee 


PRATT ment ceo 


Ler SO TSP pAC iia a TAN 


PU het CH VDI? umisecm 160 
' 


AY LORD PNoTPLR TONS (CONT O) 
' 


TORE RUE © 4 


Orion se 
(OF COUL FTODL 2) 


' Unery shift opprations 


(tif (hPtG EOL 1) ed 


1 Peverae register 
{PMB y 6 M1 THZ 6 151 RSET nel 


REPEAT oe LIMITS TPL) © BITS(TH2) mont 
TOE CTP OP CL Ad TAPS e CT 2- 1111 > nent 


CIF CIAPS GEO OM) @> REPEAT) 
Y new 


OPRAC {10> 6 TL nent 


ASELWI CCr CAPPY © 6) OVPFLW > @ 
’ 


Mh 
CU (MPIG EG 2) = 


(A5ELP 1 TAPS 6 3S) TEA s+ 0 newt 
AGADNI® CTEM 6 (TEAPOBITSETMPL C1510) newt 
TAP] + CTMPY-1)000) nat 
CIF LIMP) GEG 0) ©) AGAIN 

dv noel 
OPRACL DOM .© TEMP OWTG © CAPT GO1ICI AD newt 
ASELW 
U 
Ve 
(IF CAPLG EOL 3) => 
{ASELOR nent 
APEGCT Oo CAPOGEZ ICID newt 
AGELP nerd 
CTF CTEAPDICADD MEQ TEAL EROD) «> 
HORE te 


(TEMPO ICAP OC TR PMOL CIT IOD 150 11911894 

DPPACIO1O> © LOPPAO}ICIEFO> ment 

CUP CTEMPOICOD> MEQ TLAPDIC3O>) «> MORE) 
) 

V nerd 

ANEW newt 


AREG EO Oe (AEG ~ 210018) newt 
AUTOM 

‘ i 
yl 
W 


| Ayte@ load end tndew by J 


(AYTELD nent 
(1F (APREG NL@ MPEG) ©) 
(DECODC RSELCT => RATAREG) + COPRME) I Cbt Od) 
RACMPEG) © (UPRHYd beit@> 
) 


1 PND OPCODE 04 
fas BR oe eee Weta uOm meme neesocs aaa wares hel om eke cdma eer abioees 


CCHREG NEO 2) AND CRREG NO 2) AND CHREG NEQ 3)) ©> FAULTED 
yy 


rl ee LCC i; Cre 2 thee Bry woewin Few (8) 


fe RCN Ti eB ore 


Pee eee ee ee ee eT 


LOW le 
Com mee nil 
COL UCDO FOU Blows 
OOELR neat 
SPLORe 6 HITSIMPEGTS 
CF PEG EO whe oy SOL Gee pe 
CHPPY 8. OTL! B 
ha 
eed pau 
yf chon Fa at om tA CpOr bo 2) ex 
FOCI need 
PCOUNT © Oe TC ES1 O27 MLA 6 (AEDES BR) nest 
FUP neat 


UNO + ROTC nant 1 eave old saaltel 

KP] Pm EG EOD 8 CP RODE TITS 8) meet 
O78 * AGE UCT meet 1 ewwe mews mealed 

BOL CT + LINO nest 1 sestere old wselct 

PE MRED noel 

SP? + M1518) nent 

MSELCT © 005 1 realore new oselct 


Mt 
(iP TPCOOE TOL 2) 0) FAT) 
yn 


{OUNNOF OPC OUR @? 


oe Ratan ark Pe beled hmm: nd AR dab 2S aes a Se ied tae ~~ oye es 


Ure le ab las pamiestie “TAD .o aber CB UE? Wey eh 12 Pese 19-1 


. We GEOUP ONO Kip h TT OEP Omy 


‘ we verse receneecmscsocesecessene: 
PUP OT ee OGTR eb eet Bap Nt fete cect GrTh Ala 


SIS ve 
UHtLer 
] HIf tf COOk FW Fl ed OFt, CIF CECI FQ J) o> PX? nowt 
DPPY + PPA newt 


MERI 
Vs 
‘ Gope 
a 
t}F CFCOOE FOL 2) =) M)dr CIF CFCODE FQ 3) => RMD rent 
OFPY © TEMPO} CAP 16>: GPR] » TEAPOICIS:@ newt 
4 HOD 
Ve 
STOMA oe 


CIO tAPEG NE Q MPEG) od 
APE © tT PEGA C5827 PEMADD © CHEMADO-1IC1S1@> nent 
ASELP meet 
2PPY + DPRA newt 
PLROUT revt 
Sioa 


'OPCOML © 18 


LO2srt re 
‘Loarcel craht shift 
COT TRCOOE LOL @) Uk CFCOOR CO 7) => 
ADFLRI ELCNOE nent 
DPRA + (OPRA SSA OPRYCS1O5) 161091 CARRY >» 1 OVRTLW > 6 nent 
ASELW 3 Cf 
Ms 
CIF CRCODE CQL 3) => BYTLSTI> 
‘lf tFCOOL EOL 1) > FRLTE) 
Vs 


LEND OF OPCODE 10 


fone ee een ence n meen cane ne meen sa: enmennasennenesmnsserance ceeasees 
| ed ee 
!OPCODE = 13 

PST re 


'Alnetw ate eight whift 
COIR CPSDDE EQ @) DP (FCOOE EW 2) «> 
ASELRs FOCODE newt 
OPPACIB) © DPPACIS) next 
(DETOOL OPVAC1S> &> APRA. COPPA 1SPO OPRY(S:0>)1 OPRA > (OPRA 1SR1 OPRY<5:8))) next 
CARRY © @1 OVRILW + 8: AMLW ) CC 


{Tf CFCOOE EQL 1) OF CFCODC EA 3' => STSING) 


1 END OF DPEODE TY 
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t 8) STORE 2 AND SMTP T INSTRUCTIONS (CGNT'D) 


' POSTE KSCR SS PTS TTT ES ESTES TES EL OSE RETIRE EEE 


fare ntn eae 


O1GPS! 12 
tlogicel right double ghift 
(CTF (FP CODE EOL 8) OP CFCIOE EO 2) 28> 
ASFI.OPs FDCOOE newt 
TEMPDE © CTEMPUL 1SPO DPRY<5105)3 CARRY » @1 OVRILW © 6 next 
ASELDW » CCO 
My) 
CIF CFCODE EQL $) OP {FCDOE EOL 3) => STDOUB) 
VM 


{| —ND OF OPCODE 12 
ied cemersticis Reis By Svblond mca e- Hoesen cree neal teas esas caenn waded pee cs aac: 


fie SeeShee Sawin eee Se ete eee sew ee swig oteea Seeeseee seeeeb ae eeeceseeess 


DALRST 1 . 
‘Algebraic right double shift 
CUIF CFCODE EQ 0) DP CFCODE FQ 2) ®> 
' FDCDOE) ASELOP next 
TEMPOIG32> © TEMPOIC31> next 
(DECOOE TEMPOI<32> «> 
TEMPOL © CTEMPDS #SP0 OPPY<S1O>)2 
TEMPOS + (TEMPDI 1SR1 OPRY<S/6>) 
d newt 
CAPRY « @) OVPTLW + 6) ASELOW » CCD 
y 
CIF (FCODE FOL 3) © > FAULTIY 
!Store mu)tiple 
CIF CFCODE FOL 3) => 
ASELP? MEANOD + PCOUNT nest 
PCOUNT © (PCOUNT¢1)¢1518> newt 


ALAPLE mert 
ARADO + MLL C15:8>) OPRY © OPRA next 
MEMCUT next 
STOMA 
) 
Ma 
| END OF OPCODE 13 
[Jae ewsse Sotec ouecscce Sueee cee Leu ee eee ase ee acer ees seutoces 
Jae nen. meee renee meee cm ene we ee ene enn ne eee nee 
LOPCOIE » 14 
ALLSFT ae 


‘Algebraic left whift 
COLE CFCGDE FQt @) OF (FCM Se 2) => 
ASE RD POCODE need 
UND © OPPACIS> maw 
OPPA © (OPPA 1S OPP Y<G10>) next 
CrPRY + @1 QVEPLW © (UND OR OPRACIS YG ASELM FCC 
ys 
'Hyte store and index 
(JF (COOL EO 3) «> 
AYTEST newt 
CIF (APEG NEQ MPEG) => 
(OECOUC PSELCT ©> POIMPEG] «© (OPRRALIC1S:8>1 RIUMPEG) © ‘OPI. cI5:8>) 


) 
) 
yy 
1 END OF DPCOOE 14 
[nn nae ee ree ee ene re rn ee ee ee ee eee ere ee econ e 
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! 8) STOVE CAND SHIFT INSTRUCTIONS (CONT'D) 


{ Aeecevevrevveseusseves 


ToRCODR * 15 


CPHL SFT 1s 
"Circular beft shift 


eeesesrenneneseRt 


CO'r CF CODE EOL 61 MW fFCOOL EQ 2) => 
ASEL Rs FOCOOE navt 
OPPACIS( > © (DPPACI51@> #RL OPRYC519>1<¢$518> nent 


CePRy . 
ye 
"Store ond inde. 


@: OVPFLW » 6: ASELW CC 


‘Ty (CF CODE EQ 1) OF TFCOOE EG 3} > 
STSING newt 
C1F tAPEG NLQ WREG) »> 


yi 


1 END DF OPCODE 15 


DALLST 12 


(DECOOE RSELCT => RO(MPEG! © (OPRMHII<1510>5 PITMREG] © (OPRM+1 ICIS 10>) 


‘Double lef( alabraic shift 
CCIE CF CODE EOL 0) OP (FCOOE FOL 2) #> 
ASELOR) FOCOOE next 
‘ UND = TEMPDI<31> newt 
TEMPOIC311@> © CEMPDL 1SLO OPRYCS+@>2¢3911001 
CARY © 8) CURFLW © LUNO XOR TEMPDICIID)» ASELOM ¢ CLD 


” 


'Store double end indew by suo 

CHF CPCODE EOL 1) OR CFCOCE EOL 3) => 
STDOUH newt 
CIF CAREG NEO MPEG) «> 


1 
s 


1 END OF OPCOOL 16 


(PECOOE PSELCT ©) ROUMREG) © (OPRHOZ)¢15:090 RITAREG) » (OPRM12)¢1518>) 


fOPCODE « $7 


OCRLST t= 


{Circular left double shirt 

CODF CF COOL EQL 8) GP CFCOOE EQ 2) => 
ASEL (#1 FOCUDE next 
TERPOLCILIO> © CTEMPDICZI:O> PRL OFRYC5(O21C311B> next 
CrmeRY © Bi OVRFLW » 81 ASELDM 1 CCD 


Va 
‘Store veras 


CIF CFCODL EOL 1) OP CFCODE EQL 3) > 
i OPRY + Ot (IF (FCODE EQL 1) m> RJ I) CIF CFCOOE EQ 3) => RX) ment 


Mr MOUT 
Me 


1 END Of oPCOOE 17‘ 
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! 1h) STOPE. aN SHIFT TNSTPUCTIONS (CmNT'D) 


' OD oer eoeeerereteceressesnsneserseuucouss 


in : —— Z Brith: GA Wore ee, eee eee as es 
lore DOT = 6S 


STADPG 1s 
(DECODE FONOE => 
(AGELRI PP newt 
{DECOOE PSELCT => ROLHREG) » PART OPRACS/ @))) RITMREG) © PARIOPRACSIO51) 
on 
(ASELR: RI newt 
Parst 
Me 
FATT 
(ASELRS PX newt 
UNO + 1s TTEMP + @ next 


PARST next 
PaRCNt 
1 
7) 
{ END OF OPCOOE 55 
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VORCODE = 278 


BUBTCT ve 

TABELRD FOCONDE newt 
UNO » OPPACIB) newt 
OPPA © LOPPACIS) 8) MINUS UPRYC15:0))¢1618) next 
CApRY «© OPRACIG>t 
OVRFLW + CLOPRYCI6) KOR UNO) AND (DPRACIS> XOR UNOD)) 
ASELW Y CC 

yy 


| TAD OF OPCODE 28 


[eeeee eee er ee eee Heater eee weweesneeremesese 


ek ee eer te eee renee tne weet nee teenee 


{UPCOOE © 22 


ADD a» 
(ASELRI FDCODE next 
UNO + OPPARIB) need 
COPPA © (OPRAE1S) @sOPRICIE1@1C1610) nent 
CAPRY © OPRFC IED) 
QUPEL WM ® ECCNDT UNO) XOR OPRYCIG>) AWD {UNO XOR OPRACIE>) D9 
ABELW 9 CC 
: NM 


| END OF OPcoor 22 


[OPCODE « 21 


DSUTCT om 
CUIF (PCODE NEQ 2) ®> 
ABELDR: DOBKEL nent 
UNU + TEMPOIC31> newt 
TEMPDL © (TEMPDIC31 18> MINUS DPRYC 15) @>eDPRYII<¢32)8> nent 
CARPY + TEHIDICS22) 
OURILW * CCUNO XR OPRYCIB)) AND (UNO XOR TEMPOIC|1D)b) 
ABELOW ) CC 
M4 


CIF (FCODE EG 2) => FAULT) 
"1 


{ PND OF arcane 24 


Jee ee a ee eet ee ee en eee ee eee eho nemo areneame 


fee ek ee ee el eee tee ee rene neem Rees aeN eee nD: sOnseneruanas 
TOPCODE & 23 
DADD 10 
COMP CCODL MEG 2) => 
AGLI DR) DOHSTL newt 
UNO © TEAMUDS TLD next 
TRAPOY © CILMPDLCI1 > sOPRYC 1G) O>WOPPY!)<¢9210> newt 
CAPRY © TEAL Ca? >) 
OVHFLM 6 CECNOT UNO) KOR OPRYCI&>) AND (UNO KOR DPRACIBD))9 
ASELOW y Cth 
y 
CIF CECODE EQ 2) => PAULTI) 
y 


| END OF OCODE 24 


Jorcode # Sb multiply doutle 


OHULt# 
({PF FCUOE AEG 2 => 
ASL CDP IDURSLL  CCDES*@ NEXT 
TEMPO? © COPPYC15¢B5e0PPYI1¢3110) NEXT 
TEMPO] © CTEMPDI CID O>eTEMPDIC 311 A> 2¢8318> NEXT 
CUP TERPOLCIL> oy TEMPDIC 69132 26 LTEMPDSCH3: 32> -TERPUZIC91182) NEXT 
CUP TEAPDS A> eo TEMPD$C69) 322-0 TEMPDICH: 302 -TEMPDE)C3110>) NEXT 
TEMPDL © VENPD3°64: 32) NEXT 
ASH Dw Mt XT 
APL EA + CRPEG ZCI By 
TEMPOL © TERPDICF11B> WERT 
ASH DW 
COECOUOL TEMPOUC8I2 ©) 
(JF TEMPDI¢G210) MLO B => CODES + 1d) 


an mer Ee 


LM Gae to emi sae SLO Rie ated i en RAR AR at A em gh A Tartan rem oe oe 
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‘CCOhS + 31 
) 
Mia 
CTE FLODE EOL 2 «> EAMATID 
Ve 
(ND OF UPCODE Sh 


{OPCODE = §? 


ODVDs 
CONF FCODE NEQ 2 «> 
ASELDP:COGSEL ICCOES+@ NEXT 

| TEMPD3Ch91 432 >> TEMPOLC31 18> NEXT 

| APEG + (APLG42)¢310> NFXE 
ASELDP NEXT 
TEMPD3<3}@> © VERPDICS) 10> UND + TEMPDICB3> NEXT 
CIF UNO => TEAPDS + (MINUS TEMPD31<6310>)0 
TEMPD? = OPRYCI51@>eDPRY) NEXT 
CF TEMPO2C3)> => DUS + NOT UND? TERPD2 » IMINUS TERPD2)¢3118>) NEXT 
DWQU0T © CTEMPD3¢6916>/TEMPD29110>9<6918> NEXT 
(3F OWQU01<63:31> NEQ 6 *> OVPFLW » 31 BAILOUT DOVO)) 
TEMPDL © CTLAPDS - CTEMMD2CS) 18> eDWQU0T<K 911 8>)¢639105)¢31; 800 
APEG + (APEG-21¢318) WEXT 


{IF UNO ©) TEMPD{ + (MINUS TEMPDI)¢3118))) 
CIP DOS > DWQUOT + (MINUS DWOUOT)<(3118>) NEXT 
ASELOM NEXT 
APEG + (APEG#2)€3103) TEMPOL+DHOUOT<d110> NEXT 
ASELDWY CCO 

” 

(1k PCOUE EQ 2 ©) FAULTI) 


y 
{END OF GPCOOE 5? 
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t CV APTIHMETIC INSTPUCTIONS (CONT'O) 


1 SPOT OPO RESP SEEP HORDES STS OED AEH OES 


HOPCDOES = BNLGS FLQATING POINT SUNTPACT AND ROD 


| SUBi® 

COME (FCODE NEQ 2) »> 
ASELOR) DOHSEL next 
UNO «+ TEMPOI<31> nowt 
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TEMPO) + C16 APD963318> MINUS DPRY(1S1B>s0PRY11(32:0> next 


CAPRY » TEMPDI<32>4 


OVRFLW + (UNO XOR OPRY<15>) AND (UND XOR TEHPDI<21>) Ds 


ASELOW + CCO 
un 


CUP CFCODE EQL 2) ©> FRUATID 
ye 


FADDI= 

CUlF CFCOOE NEO 2) »> 
ASFLDR) DOBSEL next 
UNO + TEMPDIC31> newt 


TEMPDI © (TERPDI C321 @>¢OPRYCIS 1 O>mDPRY])¢3218) next 


CAPRyY © TEMPDI<32>4 


OVPFLW * {C(NOT UNO) XOR OPRYCIS>) AND (UNO XOR OPRACISD})» 


ASELDH + CCO 
MW 
CIF CFCOOE EQ. 2) &> FAULTE) 
M 


{ END OF FLOATING-POINY SUBTRACT AND ADD 
[eee rs ee eee ee ee ee eee ee 


tOPCOOE » 64 


BYTSUD i= 
COMP CPCODE NEQ 3) => FAULTIN 
CIF CFCODE CQL 3) ©) 

BYTE + J next RXT meet BYTRD newt 
OPPACIB> +1) UND © OPRACIS> newt 
OPRA + (OPRA-OPRY)C16:8> next 
CARRY + (NOT OPRACIB>)) 
OVRFLW © (UND KOR OPRACI5>)) 
BYTE + © 3 ASELW ) CC 


! END OF OPCODE 64 


{nPcoor = 65 


AYTADD i» 
COMP CRCODE NFO 3) => FAUIATIOD 
QUF UP CODE EQ 3) &> 
BYTE © J newt RX1 ment BYTRD nent 
UND + OPPACISD newt 
OPPA + (OPPASOPRYI<1G10> next 


CAPPY © DPPACIG>) OVRFLW * (UND XOR OPRACI5>)» BYTE «© @ 1 ASELW 1 CC 


MW 


t END OF OPCODE 6S 
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t C) APPT TIC INGIFUCT OMS CLONT'DD 
{ BOSCH S LARS S TR MSSHUT EDGES VECO TSOOE 
OLVNOD1 


CLE BMOM Be 6 CUEBEDECTEEAY/UPPY CTE Od PCI A> nowt 
CIF {7£APD2¢31515> NEQ @) => OVPFLW + 1) meet 
OPPACSS1@> © TEMPDZ2¢151@> next 
TEMPD2C311@> » COPPACIS1@> © OFRYC]E:0>1¢3110>) newt 
TEMPOL CALI 16> © CTRMPDIC3118) + TEBPOLC311O>)C1518> nent 
(IF ABC => 
COPPACTS1@> © (MINUS OPPATIS#@>)C1S1O) next 
VERPDI<3119B> © (MINUS TEMPOI¢311165)<151@> 
t] 
Y newt 
JEPPOLCIS:0> » OPPACISI@> 
Ve 


IOPCODE * 26 


MULT 12 
tFOCODE) ASELOP nant 
UNO + FOPRYCIS> KOP TEMPDICI5>) newt 
(IF OPRY<1S> => OPRY » (MINUS OPRY)<16:89)i 
CIF TEMPO} CIE) ©> TERPDICIS:0> = (MINUS TEMIPDICI5:0>)¢1518)) next 
TEMPDI<31 1 @> © (DPRYCIS Q>efEMPDI GIG O>D8 
CAPRY + @1 OVPFLW + @ next 
¢1F UNO => TEMPDIC311@> + (HINUS TEMPDI2<3118>) next 
ASELOW 1 CCD 
YM 


LT END OF OFCOM 26 


freee nnn nee e ee ee ene eee een me meen nnn pene rennewenne enna mewn eeeaee 


lopcoor « 2? 


DIVIDE:= 
(FDCODE 1 ABELDP next 
UNO «+ DPRY<]5> + DOS + TEMPDI<3)>) CARRY + 8 ) OVRFLW + 6 next 
ANC + (UND KOR 005) next 
(IF UND ®> 
COPPYC 1518+ CKINUS OPRYCIS18>1¢1510> ¢ OPRYC16>+0} 
” 
CIF DOS «> 
(TEND I C311 6>e (MINUS TEMPDI<9118>143110>) TEMPOI<92>+8) 
d nent 
(DECODE (OPPY EQL @) => 
{OTF TEMPDICSL> ®> OVRELW © 1) next 
DIVHOD newt 
ASFLDW 1 CCO 
y 
OVRFLW + 1 
) 
VW 
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TOPCODER © SP 


Cy APTTHMETIC INSTRUCTIONS (CONT'D? 
SURE C ORT TTE PSF SUPE SUS seRiEesseResETEE 


rehire 

CUIF CFCODE NEQ 2) «> 
ASELDPy DUNSFL next 
TEMPO? + COPRYCIE: Q@>#DPRY! 615105) nent 
UNO + {TEMPDICAL> KOP TEMPD249)>) newt 
CIF YLAPDIGaL> ©> TEMPOL © CAINUS TLMPDD)C32Z0001 
CEP TRAPDZ< 31> => TEMPDZ © CHINUS TEMPD21<39218>) nent 
TEMPD3ICGS1Q> © CTEMPDICR11@> & TEMPOZC3118>) nent 
TEMPOICAI18> © CTENPDSC6916> thR@ 161¢9116) nent 
CAPRY + Gi OVPFLW + 8 newt 

r) (IF UNO => TEMPDI<3216> © CAINUS TEMPDIC311022¢3110>) nent 


ASELOW) CCD 
a] 
CIP CFCODE FOL 2) ©> FAULTI) 
‘i 


{END OF OPCODE 62 


{ORCOOn » 83 


FD1Vis 
CONF CFCONE NEQ@ 2) »> 
5E1.0R) DOUSEL newt 
TEMPO2 © FOPRYCIB 1 O>@OPRYI41516>) next 
OOS + TEMPDI¢31>) UNO > TEMPOZ¢31>) CARRY «© 0) DVRFLW © © next 
ANC + (DOG XOR UNO) mand 


CIF DOS => CTEMPOICBL1O>+ MINUS TEMPDI 63110590911 @>1 TEMPD{ (32968) )) 
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oa 
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) 
nt) 
CIF CFCOOE EQL 2) #> FAULTS) 
Mi 
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CIF COPRACIGS XOR OVPFLW) => CCOES © 3) 


CIP UNOTCOPRACES> XOR DURFLW)) AND (OPRACI410> NEO @) > CODES > 1) 
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CIF COPPA EG DPRPY) ©) CODES © Ala 
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"User macros 
COLE CFCOOE NEG a) => FAULTIOD 
{Byte compare end index 
CIF CFLODE FO 3) => 
BYICOM next 
(DECODE PSELCT => POCREG) + COPPMESICIS1@>) RECMREGT © (OPRMILDC151@>) 


7 
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MCKF Computer Architectures 
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January 15,1978 
Department of Computer Science 
Carnegie-Mellon University 
Pittsburgh, PA 15213 


This work has been supported by the Army Research Office under contract 
number DAAG2Z9-77-C-00304, 


Ahstroct 


This study was undertaken lo determine the relative efficiency of the following 
architectures: 
UYK-7 
UYK-19 
UYK-20 
GYK-12 
AYQ-21 (POP-11) 


i 

H is part of the second phase of a study being conducted under the Army/Navy 
Military Computer Family (MCF) program to determine the relative life cycle cost of 
Army/Navy computer based systems as a function of computer architecture, In Phase 
bo oof this study, an Army/Navy Compuler Family Archilecture (CFA) commitlee 
recomended, in August 1976, that the POP-1) archifecture be adopled as a future 
standard milllary computer architecture. The other four architectures are the ones in 
most common use today in Army/Navy computer applications. 


From a set of 160 fest programs (16 different algorithms) writhen by 16 
different programmers we found: 


Execution Ef ficiency 


Program Size Memory Processor 
Activity Activity 


(S measure) 


PDP-11 (0.82) 
UYK~-20 (0.89) 
UYK-19 (0.93) 


GYK-12 (1.14) 
UYK-7 (1.30) 


(M measure) 
UYK-20 (0,73) 


POP-11 (0.88) 
GYK-12 (0.96) 


UYK 19 (1.18) 


(R measure) 
UYK-20 (0.77) 


GYK-12 (0.96) 
POP-11 (1.03) 
UYK-7 (1.12) 
UYK-19 (1.17) 


UYK-7 (1.38) 


In each column the five architectures are ranked according to performance in that 
particular mrasure, The S measure is a measure of relative program size, M measures 
the relative number of memory accesses used and R measures the relative number of 
CPU operations needed. The architectures are clustered into groups based on gaps in 
performance which were statistically significant at a practical level (ic, the gaps in 
performance were statistically significant at the 957 confidence level), The numbers.in 
parenthesis give the average performance for an architecture in this sludy. For 
example, a machine with an S measure of 0.80 would require only 80% of the memory 
required by the average of (hese machines (202 less than average), while one wilh an 
S measure of 1.50 would require bOZ more mamory than the average. 
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Introduction 
| 
The question of the relative cost effectiveness of several different computers in 
the same application has {radiliunally been answered by the use of benchmark 
programs execuled on the candidate machines. This technique unfortunately confounds 
the efficiency of the instruction set with the speed of the hardware us-d ta implement 
it. Advances in hardware technology will, more often than not, obsoletu the hardware 
long before the usefulness of the software declines, In such cases the question of long 
term cost effectiveness can only be answered in terms of the effictency of the 
Instruction sel. An efficient Instruction set will be amenable {fo cost effective 
Bapienunint eG in stale of the art technologies at any point of the software's life cycle. 
| 1 
The purpase of this study is to evaluate the efficiency of several computer 
archilectures independently of their hardware implementations, The following definition 
of compiter architecture was used in {his study (and is the same definition as used by 
the CFA Committee [MC46)): : 
Computer, Archiecture: The structure of the computer a 
programmer needs fo know in order {o write any {ime Independent, 
machine language program that will run correctly on the computer. 


Thus an efficient architecture will have the property that a hardware reallzatlon of the 
architecture will be more cost effective than a technologically similar realization of a 
less efficient architecture, 


The results of {his evaluation will be joined with the concurrently proceeding 
Software Support Evaluation and Life Cycle Cost Evaluation, Together, they will provide 
an analysis of the cost effectiveness of selecting each of the MCF architectures 
(UYK20, GYKI2, UYKI9, UYK7, PDOP]1) for implementation as a family of machines for 
use In Army and Navy Applications. 
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The methodology used in this study is based on a similar previous study for the 
CFA Committee comparing Allernalive commercial architectures (FU76). However, 
several significant improvements have been made in the methodology of this second 
study. Briefly, the diff_i rences are: 


1. The set of test programs has Leen improved to be more uniform in size 
and wider in scope; The individual tests are more precisely directed at 
architectural features. 


2. The dynamic program measures have been extended to provide 
information on implementability over a rarye of hardware parallelism, as 


well as hardware speed. 


3. The processor activity measure has been completely redefined. The 


original Romeacure wes found to he binky: corretated wath the criypinal 
Incmory aclivily tieesure, aad thus provided lle additianal inforonsdian, It 
also failed to capture the inherent cost differences between simple and 
complex processor computations, 


4. The method of computing program measures has been automated, 


5, A superior statistical design was chosen which allowed more significant 
results to be extracted from the program measures. 


A set of fest programs was selecled to fest significant applications or 
capabilities of (he archilectures, Each program was described in a Program Description 
Language (POL) which specified the algorilhm to be used but left unspecified the exact 
machine level implementation of the algorithm, All fest programs were designed to be 
wrilable by a test programmer in one or two pages of machine code. 


_ Sixteen test programmers were selected lo wrile test programs for the five MCF 
Architectures. Each programmer was assigned {wo programs to be implernented on all 
five architectures. The assignment was done according to a statistical design which 
atiempled to separate architecture effects from programmer and program effects, 
The programs coded by the test programmers were executed using a standard set of 
test dala on an ISP simulator written for each machine, The ISP simulator gathered 
Statistica on the execution of the programs, Measures of efficiency computed from 
these statistics were used in an analysis of variance to determine the relative 
efficiency of each architecture, 


Each phase of this process is discussed in more detail below. 
Selection of Test Programs 


The set of test programs used in the MCF evaluation was constrained by budget 
limitations and the statistical use to be made of the results. Validily of the statistical 
results required that the programs be a representative set of the kind of operations 
performed by mililary computers. Along these lines, it was also considered important 
that the programs test all significant aspects of the architectures, These considerations 
would indicate the cdesirabillly of a large set of fest programs, However, the analysis 
required that each program be coded frequently enough to allow significant statistical 
inferrences to be made. Thus budgetary constraints forced a tradeoff between number 
of tests, length of test, and frequency of coding, 


1 

A set of 16 test programs divided into four calegories was ultimately selected 
for (he evaluation, The basis of the individual selections was twofold, First, a list of 
Important architectural features was assembled. Features to be tested were. 

Interrupt handling and 1/0 

Executive / User interaction 

Control and branching constructs 

Integer arithme tie 

Floating, Point operations 

Character and Gil processing 


Addreseinge mode flexibility 
Ability to address Tape data structures 


Second, a set of significant tasks to be performed were considered: 
Real fime processing 
Handling mulliple pracesses 
Comnunications processing 
Display processing 
Fast table lookup . 
’ Packing and Unpacking data : 
Sorting 
Manipulation of list structures 
Minimal Difference Search 
Character processing 


Atlempling lo maximally cover the {wo sels above resulled in the selection of the 16 
test programs described below. 


INTERRUPTS AND TRAPS 
0. TTY Jnput Driver 


This is a driver for a simple Interrupt driven device. Important 
characteristics are a low transfer rate (bytes per interrupt), minimal latency 
from interrupt signal fo response, and high flexiblitity in the mature of the response. 
These characteristics preclude the use of a typical hardware channel (OMA transfer), 
The fest,is typical of a variety of slow speed devices. 


A high speed OMA device is used to transmit data buffers, The driver's 
concern is to buffer transmission requests and maintain as high a transfer rate as 
possible. The computer performs no processing on the data transmitted, This 
test exercises the channel (UMA) 1/0 structure of the architecture, 


2. Mulliple Poority Interrupt Handler 


Interrupts from four devices of unequal priority are directed to the appropriate 
device handters. The 1/0 request which is thereby completed is added to the 
executive’s queue so that the appropriate actions may be laken relative to the 
requesting process, The fest performs only the interrupt fielding and request 
queueing functions, The modeclis applicable lo a variety of real time applications. 


3. Virtual Memory Exchange) 


A protected subroutine facility is provided by a pair of executive calls. The 
fest propream performs the memury space and register changes necessary to 
transfer control The test measures supervisor call and context swap costs. 
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MAISCELLAMEOUS 


4, Scale Vector, Ovplay 
Given a display list and a scale factor, the program produces a scaled display 
list. The program is atest of integer manipulation and fixed field extraction. 


5. Array Manipulation- LU Decomposition 


Solution of simullaneous equations using standard Gaussian elimination. 
Floating point operations, multiple indexing, and nested iteration capabilities are 
tested, 

i 
6. Tarnel Tracking : “ 

Given (he coordinates of an object, find the closest elemant fo it in a given 
table. This tests floating point comparison as well as the costs of performing 
contorted array searches. 


7. Digital Communications Processing 


This program directs messages lo various outpul lines depending upon 


thelr destinations, Fast search and block move capabilities are tested. 


DORESS MANIPULATION 


8. Hash Table Search 


The problem is to locale the position a key would occupy in a hash table, This 
involves address and integer manipulations and indexing, 


‘ 


Given a doubly linked list in ascending order, insert a new entry. The test 
involves pointer extraction and following. 


Manipulate the cloments of avery large randomly ordered array {to form a 
partially ordered binary tree. The array is sufficiently large (order 1 Mbyte) that 
it is necessary to manipulale the page (segment) address registers to access It. This Is 
a fest of the cost of randomly addressing a very large address space. 


11. Aulocorrelale_on_lLarye Address Space 


This lest is complementary fo fest 10. An avitocorrelalion is performed on an 
array large cnourh to require manipulation of page registers. Floating point and 
sequential access of large address spaces are tested. 
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12, Character Suarch 


i . 


A character string is seanned looking for an occurence of a specified string. 


This program tosts character accessing abililies. 
13. Boolean, Matrix Transpose 


This program fakes a bit matrix and reflects it about its diagonal, Ability to 
access and move bils is tested, 


‘ 


14, Record Unpacking 


This fest program takes an array of tightly packed bil fields and a format 
string indicating the size of each field and unpacks the fields into another array, The 
abilily to do general field extraction is tested. 


15, Vector fo Scan Line Conversion 


A list of vectors Is converted to an equivalent scan line display. This tests 
vil addressing capabilities as well as some integer manipulations, 


Specification and Control of Test Programs 


The algorithm to be used in each program was specified in a high order 
language, The programmers were allowed to make any optimizacions that a clever 
compiler could make, bul were nol allowed to change tho algorithm used, With the 
exception of the Interrupt and trap class of tests, all fests were specified as 
subroutines; this standardized inpul/resull handling, The calling conventions were 
spectfled for each machine in terms of a sample instruction sequence which would 
produce {he machine state to be expected at entry. These steps were used to 
restrict the variance due to the difference between programmers without 
restricting their ability: to make oplumal use of the machine, 


Several conventions were adopted with respect to the non- 1/0 programs. All 
programs were required {6 be reentrant. Ao stack area was supplied on all 
machines for use by the programmmers, The subroutines were not allowed to alter 
any data which was on the stick prior to the call, nor were they permitted to leave 
any items’ on the stack subsequent to the return. Finally, The subroutines were 
required to save and restore any processor registers which they altered. 


Assignment of Test Proprams 
Test programmers were assigned lest proprams in accordance with the 
statistical design chosen. Tach programmer implemented two programs an all five 


architectures, Pairs of programmers received identical program assignments. The 
sugested order oof wrilitg was different) for cach proprammer to avoid 
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B/00 
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217 
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2412 
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S/33 
5/19 
G/13 
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B/)1 
1S/78 
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13/7 
16/12 
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Debug ging and Exccution Testing 


An ISFL description of each machine was used to produce an ISPL simulator for 
each machine[BA76], Programiners debugged {heir programs using these simulators. A 
standard set of test data was defined for cach program. A pronram was defined to be 
debugged when if could properly execute on this test data. This provides a 
reasonable assurance of the applicability of the measures obtained without 
requiring proofs of the correctness of the programs. A subset of this test data was . 
used for evaluation of execution efficiency. The ISPL simulator maintains counters of 
various memory accesses a8 well as frequency of execution of each part of the 
simulator. These counters provided the exccution statistics for use in computing the 
archilecture measures, 


Measures of an Architectures’s Performance 


The performance of an architecture on the test programs is measured by the 
efficiency of the test programs writlen for that particular architecture. Quantification 
of the concept of an efficient program allows the comparison of different architectures 
independant of their implementation. The measures used by the MCF evaluation are 
such a quantification in terms of space and lime. 


An efficient program is one which requires a small amount of storage and 
executes in a short amount of lime. “hree classes of measures were used to capture 
this concept. The S measure is a measure of the storage requirements of a program, 
The M and R measures are measures of execution efficiency. ; 


S MEASURE ~ TEST PROGRAM SIZE 


The S measure is defined as the number of bytes of memory required by the 
test program. This includes locals allocated on the stack as well as own variables. For 
the Interrupt and Trap test programs, this also includes memory allocated to interrupt 
vectors used by the test program. Excluded from the §S measure are the parameter 
block anc paramelers passed to the routine as well as any global data structures to 
which the routine has access, This was done to avoid adding a fixed overhead of 
significant size fo each S measure. 


A single exception to the parameler exclusion principle was made. Test program 

14, Record Unpack, allowed Ihe programmer lo chose a representation for the format 

string. Optimal packing would cause each entry in this string to occupy 6 bits. Because 

a tradeoff decision batween packing efficiency and accessing difficulty was allowed, 
the size of this parameter was included in the S measure for this program. 


For those test programs in which multiple calls were measured, the the stack 
uscage could conceivably vaty belween calls. The S measure in this case is defined as 
the maximum of the individual S measures. 


EXECUTION EFFICIENCY MEASURES : 


The tine required to execule a given program on a given machine is clearly 
highly dependant upon the hardware implementation of the machine. An arbitrary 
architecture can be implemented to exccute ils instruction set at an arbitrarily fast 
rate (limited of course by current gate technology), The execulion time of a given 
program is determined by lwo factors: The amount of processing required, and the 
rate at wich processing is done. The former is dependant upon the program and 
architecture, the latter upon the hardware implementation. An efficient architecture will 
minimize the processing required, allowing the most cost effective implomentations. 


Selection of measures of processing required by a program allows the 
comparison of the efficiencies of several architectures, Taking instructions as special 
cases Of programs, such measures musi, because of the separation into factors 
assumed above, reflect the differences in execution limes of instructions in current 
implementations, This provides a selection crilerion for measures. 


Consider the following 3 example instructions selected trom the familiar 360/370 
architecture, 


| on 6 10(2) load from memory 
2. LM — 1,6,0(2) load 6 rags from memory 
3. AE 2,0(2) floating point add from memory 


These examples illustrate two orlhogonal factors accounting for the differences In 
processing required between instructions. Example 2 would be expected to execute 
more slowly than 1 since it involves reading 5 more words from momory. Memory 
activity is thus an important factor in execulion cost; The M measure was therefora 
defined as the number of byles transferred to/from memory. On the other hand, 
examples | and 3 have the same memory activity, but 3 would be expected to execute 
moro slowly. The processor activity involved in floating point operations Increases 
their cost. Processor activily is thus an important factor; This is measured by the R 
measure. Bolh M and R are discussed in detail below. 


The execulion time model used in the MCF evaluation is represented by the 
following aquation: 


TIME « atM + b4aR 
Where a and b are constants dependant upon the speed of the memory and processor 


hardware, respectively. M and R ave measures of the processing costs involved in the 
architecture, independant of implementation, 


Measure of Mamory Activily - M 


An important paramelor of a computer system is the bandwidth of its 
processor/memory interface. Thus a significant determinant of program execution 
speed is the number of bytes the program transfers to or from memory. The M 
_ measure Is a measure of memory activity. 


The M measure is defined as the number af bytes read or wrillen to main 
metaory during the execution of the test program. Specificly, counting begins al the 
first instruction of the rouline and ends when @ return is execuled. Wo activily of the 


_ calling roufine is counted, 


Three M measures were compuled, These M measures reflect differences in the 
width of the memory (and therefore the minimum number of bytes which can be read 
from a given address), They are refered lo as M8, M1G, and M32 corresponding to 1, 
2, and 4 byle wide memories, respectively, 

Certainly, no one would implement the 16 bit machines with 32 bit memories 
without making some attempt at reasonable utilizalion of the wider memory, Thus, two 
adjustments lo the M32 definition for the 16 bit machines were made. First, it is 
assumed that all multiple word references (double infeger, floating point, elc.) were 
aligned on fullword boundarias. This is of course standard practice In most 32 ‘it 
machines, Second, the sequential nature of instruction fetch makes it highly desireable 
to have a 32 bil instruction buffer, Olherwise a sequence of 16 bit instructions would 
resull in cach instruction being feiched {wice as the low and high halves of the 32 bit 
word were executed, ‘ihis Implementation was modeled by allowing instruction fetches 
fo fetch 2 byles, while all olher memory accesses must use 4 byle words. These two 
adjustments define the 32 bit memory system assumed by M32 for the 16 bit 
machines. 


Measure of Processor Activity - & 


The activity of the processor during the execution of an instruction is simply the 
computation of a function. Complexily theory indicates that the cost of this computation 
can be mrasurad by many step counting functions, Consideration af step counting 
functions applicable fo digital implementations fails to restrict significantly the range of 
possible cost functlons (consider two processors, one which is bit serial, the other 
uses fable lookup in a ROM, Addifion is expensive in the former, while all functions are 
of equal cost In the latter) It is therefore necessary lo choose a cost function which 


-represents an implementation that is reasonable given the current state of the art. 


This is the approach taken in {he MCF study. 


The R measure for a program is defined as the sum of the R measures for each 
instruction executed. The R mnasure of an instruction is defined as the number of CPU 
cycles required to execule if using the canonical CPU defined below. As for the M 
measure, no driver activily was included, 


Two R measures were computed, One assumed a 16 bit wide ALU as would be 
used for low performance versions of {he UYK7 and GYK12 and most versions of the 
PDP1L1,UYK19, anced UYK20. The other assumed a 32 bit ALU as would be used for high 
performance versions of the 41, 19 and 20 and most versions of the 7 and 12, These 
two measures are refered to as R16 and R32. 


MCF_CANONICAL CPU 


Definition of a reasonable corplaxily measure for instruction execution 
‘ { 
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neccessilated the choice of a a wnclard steucture for the emulating CPU. The structure 
shown in fipure Jo wan chosen lo be representative of typical medium performance 
Lnplerentations now in use. Data paths and ALU operations reflect the capabilities of 
current instruction serial hardware units. 


Featuras of the CPU ee 

The CPU includes a register ram, constant rom, temporary latches, as well as a 
memory address anc data register and a paralicl ALU. The width of these and the 
Inferconnecting busses in $5 bils for RI6 and SZ bits for R3z. 


The register ram is a standard random access memory used to hold the 
accumulators, index registers, program counter, and slack pointers of the architecture, 
During a CPU cycle a single location may be read or written. 


The constant rom contains a variety of useful constants for Implementing the 
architecture in question. 


“The temporary fatches are high speed registers used In the interpretation 
process, They may be read and wrillen on the same cycle. 


The ALU is a parallel ariihmelic unit capable of integer addition, subtraction and 
negation, all the standard logical functions such as and and or, as well as n bit shifts 
and rotates. His also capable of performing fixed bil substitutions, such as replacing 
the low byle of one bus with the low byte of the other. The condition codes may be 
set by ils outputs. 


{ 


Instruction Implementation 


Several principles were adopted with respect to the R measure, These were 
intended to avoid unnecessary complexity. They also avoid arbitrarily penalizing 
architectures with unique features, Finally, they prevent overheads common to all 
interpratations from obscuring the differences belween Instructions, These are 
outlined below, 


1) Instruction decode is exctuded. The control operations involved are extremely 
implementation dependant and represent an unnecessary overhead for the R measure. 


2) Memory mapping calculations are presumed to be performed by a separate unit 
and (herefore require no CPU cycles. The activity af the memory map will simply make 
memory accesses more expensive and therefore Is adequately measured by M. 


3) The address for a memory access may be obtained from a variety of places 
such as the MAR, MDP, IR. This eliminates eras operations which are highly 
Implementation dependant. 


4) Inter- Instruction optimizations are not allowed. 


MCF CANONICAL CPU 
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Calctlation of Ro omrasures 


The R measure for each instruction was obtained In two different ways 
depending upon the complexity ef the instruction. 


For relatively simple instructions, microcode was gencrated for the instruction. 
Adding {his to the standard instruction fetch produced the CPU sequence for 
Interpretation and therefore {he number of cycles required. 

Example J, 

R32 for UYK7 instruction LA 1,0(2) 

1, MAR & INS REG<address> + REG[index 2] 

2. REGLace 1] © MDR | 


So the R'measure is 2 + instruction fetch cost, 


Example 2. 
R32 for GYK12 instruction CMF 2,8 
1, TMP) © REG{ace 14) 
2. TMP2 © REG[acc 2) and TMP] 
3. TMP) © MOR and TMPL 
4, TMP2 - TMPI (sel CCs) 


So the R measure Is 4 4 instruction fetch cost, 
° ' 

Complex instructions such as Integer nwuiliply and divide and floating point 
Operations were handled differently. Direct microcoding was deemed undesirable for 
several reasons, First, generating the microcode would be very time consuming. The 
effor! expended would be far oul of fine with the accuracy required, Second, the 
generation of optimal microcode for such instructions is a research problem in itself. 
Finally, the optimal algorithm, if found, might require a control complexity sufficient to 
make It impractical. Since all machines would be charged the same basic cost for these 
Operations, we decidad to use a reasonable approximation, 


The R measure for each of these complex instructions was established by a 
survey of implementation on current computers. Relative execution times were used to 
establish an approximate number of CPU cycles required to execute. This computation 
cost was then added to an operand fetch cost (as delermined by microcoding) and an 
instruction fetch cost to determine the R measure of the instruction, 

Exampla 1. 

R32 for POPPI] MUL RI,R2 

1. TMPO © REG[r 1 J 

2. TMPL © REG[r2} 

(16 bit mulliply computation, 20 cycles) 

3. REG[r2] & TMPRESULT<0:15> 

4, REG[r2+)) « TMPRESULT<16:31> 


So {he r measure is 4 + 20 ¢ instruction fetch cost. 


Instruction fetch was assumed {o be accomplished by the following microcode: 
1, MAR, TMPO © REG[pc] 
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2, REG[ po] © TMPO + (instruction size) 


where the instruction size was delermined by the in: uction fetched. Architectures 
with varying length instructions were allowed to vclee tne pe increment operation until 
the instruction size was determined. Uncondilionar k aaches were allowed to dispense 
allopether with cycle 2, Conditional branches assumed no branch occured; cycle 2 was 
completed, Thus instruction felch requires 1 cycle for unconditional branches, and 2 
for all other instructions. : : 


Statistical Design for the Experiment 


The general aim of this experiment is lo identify the significant factors which 
Influence the S,M and R measures with emphasis on the significance of the Architecture 
factor, The primary aim is to associate a quantitative measure with each architecture 
and lo obtain confidence intervals on these measures at some predetermined level of 
stalistical significance (05), From these we can obtain statistically valid rankings of 
the archilectures, A secondary objective is to obtain information on the variance of 
programmer ability and interactions of programmers and machines, 


The method used lo design and analyze the CFA measurements was based on 
the Analysis of Variance ( ANOVA ) lechnique. A rough definilion of the technique as 
given by Scheffe [SC59)] is : "ANOVA is a statistical technique for analyzing 
measurenients depending on several kinds of effects operating simultaneously, to 
decide which kinds of effects are Important and to estimate these effects." 


The GFA experiment was set up on the assumption that the factors influencing 
the measurements are J) Programmers °:) Test Programs and 3) Machines. The 
measurements to be analyzed are the various §, M and i measures obtained in the 
course of the experiment. The design Invalved five machines and sixteen test programs 
which are hopefully representative of the lyp: of lash that these machines would be 
called Upon to handle in normal use, It invol s 16 programmers who are assumed to 
be representative sample from {the general population of graduate students at 
Carnegie Mellon University, In the most desireable situation, the programmers’ prior 
familiarity wilh the machines being {ested would be uniform across ai! machines, The 
proliferation of the POPI1 architecture makes (his virtually Impossible to obtain, An 
effort was made fo Include in the study programmers who had no prior POP11 
experience as wall as some who had experience with tha NOVA (a UYK19 subset), Thus 
a secondary goal of the analysis was to determine if programmer familiarity was an 
Important factor. 


A complele factorial design would involve cach programmer coding each test 
program on all the machines, This would involve coding 1280 (16%16#5) programs and 
would give complete information on all the relevant factors and interactions, Attractive ° 
as this is, budget consideratjons climinaled this design and a one-eighth fractional 
design was chosen which involved the coding af a total of 160 programs, In the trade- 
off we naturally lose some information on certain effects or Interactions and obtain 
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only partial information on alhers. Since cur primary goal was to obtain information on 
the tnachine effects, a decitn balanced wih respect to machines was chosen, That ts, 
each machine was given the same combinalions of the olher two factors, Hence 32 i 
progranis were coded for each machine. Each programmer was assigned 2 test 
programs to be done on all 5 machines. 

' 


The ANOVA model used for a cornplete factorial design would be: 
Yijk = UstP)+TaMyaPT tT Migs PM, +PTMi i, +E ig 


{ 
where the components are as below, 
Yijk : Measurement for {he Mh programmer,Jth lest program on 
the K'Ih machine, 
U : Grand mean. 
P : Effect of (he Ith programmer, 
: Effect of the J'lh lest program, 
K Effect of the K*'th machine, 


PT, : Effect of the interaction Lelween the lth programmer and 
the J'th test program, 
TMik : Effect of the intearction between the J'th test program 


and the Kh machine. 
PM, + Effect of the interaction belween the I'th programmer and 
the Kh machine, 
PTM ij, : Effect of the intearction belween the I'th programmer, the 
Jth lest program and the K*th machine. 
Eijk : A random variable distributed as N(O,e% ) 
A factor could be of two typos - random or fixed. A factor in the design is said 
lo bo fixed if our Inferances fram the experiment are limited to exactly the levels of 
that factor which were chosen for the experiment, For example, in this design we are 
Interested in comparing only these & specific machines and not in comparing tham with 
any random architecture, Honee the Machine factor is a fixed factor and we would be 
interested In computing the effects of these 5 machines. A ‘good’ machine ( low S,M 
and Ro) would have a low machine effect while a ‘bad! machine would have a higher 
machine effect, Since the effects can be calculated to within an additive constant, the 
constant could be absorbed in {he grand mean and unique effects oblalned by setting 
the restriction ZyM, = 0. This applies to all fixed effects, Now the ‘best? machine 
would have a negative effect while the ‘worst’ machine would have a positive effect. 


On the other hand the programmer and lest program factors are random factors 
In this design. In the programmer case we would not like to limit our universe of 
inference to the 16 pragrammers chosen for this study. Instead we assume that these 
16 programmers are a random sample ern a popyalion of programmers, Each P; is a 
random variable with distribution NO,ap4 2). The ope is the variance of the Srouranimer 
population. Note that Z)P) need nol be equal to 0. In the random effect case we are 
Interested in the Variance of the moans (ep* ) and not in the expected value of the 
mean which we have assumed to be 0, 
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A desipn like this nne which has come of its factors fixed (M) and others random 
(Poand Tis termed amined model The interaction of a fixed and randora factor is itsolf 
acrandorn iaferaction, Thus all the interactions in this design are {themselves random 
variables wilh mean O and different variances, 


ANOVA models are valid only under certain restrictions on the random error 


term Ei jm Each Ek must be normally distribuled with mean O and variance 2, Furthur | 


each Cy, must be independanlly normalily distributed ( The covariance matrix of the 
column vector E is #1). In olher words the Yiiy's themselves can be assumed {to be 
random variables with different means, but having the same variance for all |,j and k, 
One way {o check this would be fo lo actually measure the variance of Yji,. 
Unfortunately we cannot estimate the variance as we have only one measurement on 
Yijk We cannot also directly obtain an estimate of the error variance 02, 


The first obviously impractical solution Is to repeat the entire experiment with 
the same group of programmers assuming that they have had amnesia in belween, We 
would then get slightly different values for the Yiik's and from the two sels could 
check whether the varlances of the Yik’s are equal and also obtain the varitnce of the 
random error term, — 

This dilemma can be resolved by assuming thal certain higher order Interactions 
are negligible and altribuling their sums of squares along with their degrees of 
freedom fo tha the sum of squares due to error, In this way we obtain an upper 
bound on o®, If the interactions wera not actually O then we would be overestimating 
e® and hence being overly conservative about the lenglhs of our confidence intervals. 
Hlawever {his doesn't sulee the problem of testing for normality and equal variance. In 
fact we believe thal based on theoretical and intuitive considerations thal the variance 
of the measures are nol equal, We furthur postulate that the the standard daviatlon of 
any Yj, is directly proportional to the mean of Yj, and since {he moans are not equal, 
neither are the variances.The hypothesis that the standard deviation is directly 
proportional fo tha mean was validaled by grouping the 160 data points for each 
measure Into 80 palrs. A palr consists of tha measuras for the same lest program on 
the same machine but coded by different programmers. The assumplion made here is 
that differences belween programmers ara not pronounced and Inso far as that 
assumption is wrong we obtain a crude estimate of the mean and varlance for each 
palr. The estimates are bound to be nolsy as we are computing them from Just 2 
elements, A scaller plot of Log Variance was plotled against Log Mean and a straight 
line was filled by the Irast squares method, The slope of the line was around 2 In all 
{ha cases which indicates that (he variance is proportional to the square of the mean 
and hence that the slandard deviation was proportional to the meoan.The plots are 
shown In Appendix 2. An appropriate transformation of the cata would equalize the 
variance approximately [SC59), Since the std. doviation is proportional to the mean 
tha appropriate variance stabilizing transform is the LOG transform, The ANOVA 
assumptions will be mol if we model Log(Yji,) as an additive model. 

log Yiik = UsPi+T 4M, ¢P Ti +TM i 4PM +PTM) iy +E; k 
Exponentiating both sides we eel the Intuitively atfractive multiplicative model: 


Yijk = uepjrtjempapli ttm), apm spl ,*e))q 


» 2 Ele 
oe | 
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where the relation between the lower case and upper care varaibles is Woe londu) and 
sO 0n, The condifians on each factor will of course be changed. (For example HyM) 
1). The Chest machine would bave a caulliplic ative effect less than | while the "worst® 
machine would have one greater than one. The significance of the multiplicative effact 
can be best shown by an example. If the multiplicative effect is 0.81 for the S measure 
on the POP-11, it would indicate that the {he PDP-11 lakes 812 (on the average) of 
the slalic slorage {hat a pr average machine would take for executing a 
random program, 


Nested factorial designs are those in which not all factors are crossed with 
every alher factor, A factar could instead be nested within another. Our design would 
be split Into 2 phases of 80 data paints cach. The first phase would consist of the 
data from programmers ‘0° through °7' and the second would be the data from 
programmers ‘8 through "15" Taking either half as an example we note that every 
level of the test program factor appears together with only a single level of the 
proprammer factor, Ju other words the test programs that a programmer does are 
distingt from those done by any olher pregrammer in his half. Thus the test program 
factor is nested wilhin the programmer factor and hence we have no interaction 
befween programmer and lest program, In our notation the factors corresponding to 
the parenthisized subscripts have nested wilhin them the factor corresponding to the 
next non parenthized subseripl. For example Ty )j would correspond to the effect of 
the Jih (Jet or 2) program of the lth programmer, The subscript ‘j' will thus always 
appear associated wilh a parenthesized ‘i. Hance the transformed model for the nested 
factorial des sign (rst half) would be: 


Vik a ie a Nii +My + PMip + TMiyik + Eijk 


whore Yij, is the log of SM or Rj, and the range of the subscripts are as follows: 
beodsljeds a Kee iK where }*8, Ju2 and KeS. The corresponding multiplicative model is 
oblained by exponentialing both sides. 


The restrictions on the ee ara: 

Expected values of Pi, Tay) PM, Mapp and Elk are 0, 
Corresponding Garancee are ap”, or PM ore 3%, 
Furthur zy My > PMi;, v ZT Miyik 

We define apy © = Shop ane / (K- 4) ae 


ore = Deorane (K-11) 


The tolal sum of squares EEE, (¥,,-mean)® is then decomposed into the sums 
of squares due to each component according to the forinulae given in Appendix 1, The 
corrasponding, moan squares are obtained by dividing tha sums of squares by their 
degrens of freedory. Theoretically expected values for the Mean squares are given In 
Table 2, The only mean values that we are interested in calculating are the My's which 
arc compuled as: 


Moe Y ae¥ where the dot notation denotes that an average is taken over the 
dotled subscripts. 


ee ere re eee wena * ty 
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Comparinions of the machine effects would be more useful rather than the absolute 
valtios af the ye Confidence intervals for the differances of the machine 
effectsCcontrasts) are eetimeble. The mean valic for the statietsye Yo “Yon in the 
contas! between machine ‘I and machine ‘m' or MyM), . The variance of this contrast 
depends on our universe of inference. If all the factors are fixed then the variance of 
the contrast is 20“/IJ where @@ is the variance of the error term, However if the 
programmers and fest proprams are taken as random effects then the variance is 
204 erp pO deryop 4? )/ Mu The variance is larger under these assumplions and hence the 
confidence intervals are also larper. The two tailed T test can then be used to 
determine the confidence intervals for the contrast, For example if oc? is the 
estimated variance of the contrast wilh estimated mean uc, then the interval for the 
{rue mean is: 

Wo Hd, O75 )ag <* ig <# BAM, 975)06 with 952% confidence. "df is tha number of 
degrees of freedom with which the error variance is computed ( 41 in our case). 


Instead of assuming thal the third order interactions are neglipible, we could 
look at the complete design as a 1/8 fraction of a complele 2525 design. The 
programmer and lest program factors are each represented by 4 pseucdo-factors at 2 
levels each. The model assumed Is 


Yr XB+E 


where Y and E are 160 lengin column vectors.[CO6)) The parameler to be estimated is 
the B column vector, E is a vector of {he random error variables with mean O and 
having a covariance matrix of o%l. The number of parameters fitted must be less than 
160 or we would get a perfect fit. Instead 119 parameters are fitted leaving 41 
degrees of freedom to estimate the error. The X array is a 160 by 119 array of the 
appropriate orlhogonal palynomials.[COG1] The parameters not estimated are the fifth 
or higher order interactions of the pseudo-factors. 


ASSIGNMENT OF PROGRAMS: The main problem is {he cholee of which treatment 
combinations are to be included tn the fractional design, We must fo choose 32 
combinations .of the 256 possible combinations of programmers and test programs, 
These combinations are of course replicated for all 5 machines to maintain balance. The 
key Is to choose the corabinations such that (he effects and interactions which are 
confounded are the anes which are of liltle interest. Let A,B,C and O be the pseuda- 
factors corresponding fo the fest program factor and £,F,G and Hilo the programmer 
factor, Following the procedure outlined in (COG!) we select 3 relatively unimportant 
interactions to be confounded, The 4 generalized interactions are generated from 
these three. In general it would be a good idea lo confound the higher order 
intearclions, but care must be taken in choosing the 3 basic Interactions as the 
gencralized interactions may be confounding main effects. Another restriction enforced 
by the need for balance is that each of the interactions confounded must have the 
same number of pseudo-faclors from each main factor, 


! 
The three basic interactions to be confounded were chosen to be: 


ABEF = ADEG = ABCDLFGH 
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The coneratived interactions Gebich are alieces of the hac interactians) are to be 
Obtained by naliiplyne together any combin bon of the bec inferactoens with the 
squared terms. replaced ty oureby PAN/GD Con account of the ? fecels of each 
pecudotactor) The seven interactions confounded with (he grand mean are: 


Pr ABLE ADEG- ABCOLF GH: BDFG=COGH=BCFH=ACEH where I denotes (he grand mean. 


There is a complete ioss of information on these interactions and there is partial loss 
of information on many of the other factors and interactions, For example to find the 
interactions confounded wilh A, we just mulliply(index modulo 2) the above equalion 
by A and obtain: 


A-BUF © DEG: BCDLI GH ABDI G-ACDGH ABCTHe CEH. 


We note that the main effect A is confounded only wiih third or higher order 
interactions, but i must ba remembered thal interactions among the pseudofactors 
could actually be a main effect for an original factor, For example the third order 
interaction of the pscudo-factors A,B and C is actually part of the main effect of the 
test program factor which is made up of the 4 pseudo-factors, the 6 two pseudo 
factor interactions, the 4 third order and 1 fourth order interaction making it a 
combination of 15 effects. This choice seems to be optimal (within renaming the 
variables) under the restrictions of a balanced design to ensure that machine effects 
are unconfounded and the budgel constraints that force us to take a 1/8 fraction, to 
minimize the confounding problem, 


The 3 defining equations to determine which 32 of the 256 observations to take 
[CQ61) are obtained from the basic confounded interactions, They are : 


Xp +Xotxgtxg 7 1 (mod 2) 
XX atxyt+xX7 @ 1 (mod 2) 
Ky Xa tKxgtx gyri 4xG4xz4xg = | (mod 2) 


where each x; is O or L to denote Ihe 2 levels of the corresponding pseudo-factor. 


There are 32 sets of solutions for these equations. As an example one such 
solution sel would be Xp X%oxgxg 7 0000 and x5xgx7xg * OLLI. We can denote the test 
programs and the programmers by the numbers O through 15 base 2. The 32 solution 
sets then give us the assignments ta be made. The example solution assigns test 
program ‘O° lo programmer ‘7. The assignments to each programmer were summarized 
In Table 1, Note that the design is very symmetrical and has pairs of programmers 
assigned the same set of programs. 


The X matrix is generated ileratively wilh the columns due to the main effects of 
the psrudo-factors and the linear,quadraticcubic and quartic effects of the machine 
factor being Inserted first, We then append the columns due to the interactions 
(calculated by term by term mulliplication of the appropriate columns), We mus! make 
sure al each stage that we cdo not append a column for an interaction whose alias has 
already appeared as this would destroy the linear independance of the columns.[CO61 ] 
We slop when we gel to the 5 tactor interactions which gives us oa X matrix of size 
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160 hy 119. The Y¥ column cector contains the log af the measurements(S,M or RF). 
Let f3 be the vector of parameters which will minimize the sum of the cquares of the 
dificrence between the Y values and the predicted Y values. Then the expected value 
of Bis B and is given by: 


B= (xx! x if XX is not singular. Inlerestingly enough x’x is a diagonal matrix 
and is easy fo invert. The sum of squares due to error is SSE = YY -BXY with 41 
degrees of freadom, An estimate of the error variance e@ is then obtained by dividing 
the SSE by the degrees of freedom, We can also estimate the goodness of the fit by 
doing an F test on the quotient of the mean squares due to regression and error. 


We obtain estimates of the variance components o” 07%, epi, ore and @. ae. 
oye is nol really a variance al all but is given by (Z)M, ey K- -1) which has the same 
general form as a variance. The estimales are the nselves obtained as linear 
combinations of sore of the expected mran squeres except for oy? and ony. These 
can be eslimaled only if we have an independant estimate of the error variance 6%, 


The @® is obtained from the fractional factorial analysis. There is a non-zero probablity — 


thal any of these estimates could be negative. [SC59) Since the variables estimated 
are non- -nergative (being variances) the conclusion drawn is that the negative estimates 
are actually estimating a variance very close to 0. The estimate of ope is negative 


‘and hance was assumed to be 0. Ht must ba noted that these estimates of the variances 


could have very wide confidence intervals and are hence not as reliable as the 
estimates of the machine effects. They do however give us rough estimates of these 
interesting parameters, It also gives us the contributions of each factor or interaction 
to the variance af a data point. As expected most of the variation is due to the test 
program factor wilh the programmer factor being nex! in imporlance. The variations 
due to the machine and interaction of lest programs and machines are smaller, but 
significant. Since epye was eslimated to be O in all the cases, the inference is that 
programmer faailiarily with machines was not very mien ony The estimated values for 
the variance are shown in Table 2 Assuming a N(O,ep 2) distribution for P; we can 
conclude that 682 of the programmers have scores lying belween op and -op. In 
terms of the more appealing mullirlicative model the interpretation is that 682 of the 
programmers have scores lying between exp{-ep) and exp(ep). For example in the §S 
measure where op@=0. 0435, 687 of the programmers lie belween C.8le and 1.232. 
Due to the fact that the distribution is log-norma. the mean is not 1 but exn(ep/2) 
which is close fo 1 for small op. The average programmer then would score 1.00 ( 1.02 
accurately) while 667 of the programmers would have a score belween O.81 and 1.23. 
These results ara shown in Table 2 The results for the two parts of the nested 
factorial experiment were averaged with equal weightage and the results for the 
various astimales of the parameters in tha mode: are shown in Table 3 


Machine cffects can also be obtained for certain interesting subsets of the test 
programs. The corresponding confidence intervals widen as a consequence of the 
smaller numboar of clata points thal the used lo estimate the machine effects. Machine 
effects were obtained for the following subsels: 


Traps and Interrupts (Test Programs 0,1,2,3 ) 
MiscelNancous (Test programs 4,5,6,7 ) 


re er 


| 20 
j * 7 
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Address Manipulation (Test programs 8,9,10,11) 


Character and Bit manipulation (Test proarams 12,13,14,15) 
Superviser proprams (Test Programs 0,1,2,3,10,) 1) 


The results for the subsets are shown in Table 3 
Results 


The resulls of the statistical analysis are displayed in tabular and graph form for 
six groupings of lest programs. The groups are: All programs, the four subgroups( 
Interrupt and Trap, Miscellaneous, Address Manipulation, Character and Bit 
Manipulation), execulive mode programs (Interrupt and Trap as well as those which 
manipulate page registers), and user mode programs. 


ALL TEST PROGRAMS 


. The results from the group of all programs are the most statistically significant 
(have the sinallest confidence intervals), Looking at the S measure we find the 16 bit 
machines make up the best group, with {he POP1I1 significantly betler than the UYK19. 
The GYK1L2 ane UYKZ, in that order, make up the worst group. This split is due to the 
availability of 2 byle instructions to perform common operations on the 16 bit 
machines, The 32 bil machines require the use of 4 byle instructions for the same 
operations. The UYK7 from the Jatter group does in fact allow 2 byte instructions; 
however (hey must occur in pairs. This results in a large number of 2 byte NOPs as 
well as obscure coding. The UYK7 also has an addressing structure ill suited to 
anything other than absolute addressing. This causes its general performance to be 
poor. 


In the M measures tho UYK20 and GYK12 both move up relative to the others. 
These mochines have very similar data operations (16 registers, register-register aid 
register-memory operations, similar addressing), The UYK20 ulilizes the frequent 
occurence of small constants by providing short lileral and memory reference 
Instructions, as well as shorl register-register instructions. The GYK12 instructions are 
all 4 bytes long. We believe this to be the primary reason for their difference in 
performance. : 


The PDP11 drops significantly behind the UYK20 in the M measure. This is 
probably due to a combination of fewer registers (6 ve 16 useable) and a lack of short 
literal operations. 


The UYK19 does quite poorly on M and R. This deficiency arises as a result of its - 
few registers (4, only 2 useable for indexing) and is apgravated by instruction set 
restrictions. The original instruction set (that of the NOVA) consumed a great deal of 
the 16 bit instruction space. As a resull, the instructions added by ROLM were 
extremely limited in terms of operand fields. This resulted in furlher restriction of the 
register ulilizalion§ flexibilily, The register restrictions prevent code motion 
optimizations which would move instructions oul of loops by precomputing values and 
saving them in registers. 
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ce 
The separation of accumulators and index registers in the UYK7 seems to 
preclude ils gaining any advantage from ils large number of registers. 


The R measure (which is isolated from average instruction size) shows the 
UYK20 and GYK12 clustered at the top. Since the GYK12 is a S2 bit machine, it is at 
somewhat of a disadvantage in R16, but R32 puts it on top by a sizeable margin. 


The Rresulls for tha POP11 indicate that the 11's addressing modes generate e 
computational burden somewhal greater than those of more conventional machines. 


The overall resulls of this experiment thus show the UYK20 to be al or near the 
. top on all measures, surpassed only by the POP11 in program size and the GYK12 In 
high performance computational costs. 


" SUBGROUP _ANALYSES 


The most oulslanding of the subgroup results are from the Interrupt and Trap 
group. The GYK12 moves into first place-for all measures except S, The advantages of 
the GYK12 level structura in this area are sufficient to offset the disadvantages of the 
wide instructions. 


The UYK20 talls dramatically in S measure in this group, and loses its M measure 
advantages over the PDPJ1. An examination of the individual lest program results 
reveals (est 2 (Priority Interrupts) to be tha problem, The UYK20 has two weaknesses 
In this group: ' 

5 ( 
1, The Interrupt structure of the UYK20 is very poor. Any attempt to 


impose a priority structure on devices resulls in monumental overheads. 


2. The UYK20 provides NO kernel/user separation or protection (This was 
One reason the CFA commitice in Phase 1 eliminated the UYK20 from 
consideration as a future military standard architecture). 


H is noted in passing {hat {ho UYK7 also performs abysmally on this group of 
fest programs. ; 


The Character and Bit manipulation tests indicale an advantage for character 
addressable machines (PDP1I1, UYK20). Also {he bit field extraction facilities of the 
UYK?7 make a significant improvement in ils performance, especially in R. 


SUMMARY 


The significant properties of the machines tested are summarized below. Critical 
points are indicaled by >. 


POP 13 

1, Byte addressing is advantageous, 

2. Overall second in performance. 

3. Acddrossing modes increase computational costs. 
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UYK20 
1. Overall first in performance. 
2. Short instructions advantageous, 
3, Byte addressing helpful, 
4.>Very poor interrupt Structure, 
5.>No kernel/user protection. 


UYK7 
1. Bil extraction useful. 
2. Separate accumulator/index registers increase costs. 
3. Wide instructions memory inefficient; shor! ones difficult 
to use, 
4.>Poor addressing s alzuetire: 
5.>Poor interrupt structure. 


GYK12 
1. Level structure advantageous in interrupt handling. 
2. Wide Instructions memory inefficient. 


UYKI9 


1, Few registers results in poor execution performance. 
2, Instruction encoding restri: operand accessing flexibility. 
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Measure 
Log S 
Log Mg 


Log My 6 
Log M39 


Log Rig. 


Log R39 


In all cases ep, 


Me 
0435 
1948 
1917 
AQL7 
3164 


3039 


2 


TABLE 2 


oT? oye . 
0946 0366 
6986 0631 

7046 0634 
6473 0444 
1.031 0273 


9400 0462 


0236 
0425 
0433 
0448 
0492 
0429 


was negative implying that opie =, 
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Range of Scores over which 
687 of the programmers lie. 


812 to 1.232 
643 to 1,555 
-645 to 1.549 
645 to 1.549 
‘570 to 1.755 
576 to 1.735 
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TABLE 3 - ANDITIVE MACHINE EFFECTS 


Atl Test Programs 


POP~11 UYK-28 UYK~-7 GYK-12 UYK-13 C1-95% C]-~95% 
(FIXED) (RANDOM) 
LOG(S) 3 ~8.288 ~8.128 8.261 8,135 -8,876 8.128 8.158 


LOG(M8) 3 ~8,138 ~8,318 8.324 ~8,842 3.166 8.169 8,198 
LOG (M16): ~8,126 -8,317 8.332 ~8,847 8.158 8.165 8,135 
LOG (N32): ~8,.818 ~8.228 8.162 -8,182 8.257 8.166 8.197 
LOG(RI6): 8.832 ~B. 264 8.113 -8.837 8.156 8.164 8.133 


LOG (R32): 8.142 -8.145 ~8, 863 ~B.229 8.295 8.162 8.192 


eae ee ee 


Interrupts and Traps - Programs 8~3 


POP-11 UYK-28 UYK-7 GYK-12 UYK-19 C1-95% C1-95% 
(FIXED) (RANDOM) 


LOG(S) : ~8.239 8.131 8.488 -8.134 ~8.166 @, 256 8.299 
LOG(M&) + ~B8.135 -8.136 8.572 ~-8,272 ~8,829 8,337 8,396 
LOG (M16): ~B8.127 ~8.128 8.563 ~8.277 -8. 638 8.338 8.391 
LOG (M32) 3 8.88) ~8, 885 8.329 ~8.437 8.112 8.331 8.334 
LOG (R16): 8.866 ~8, 383 8.524 -8.356 8.155 8,328 8.397 


LOG (R32): 8.168 ~8,283 8.361 ~8.486 8.255 8.323 8.385 


edd tel hed lethal thet okt Te td ee 


Miscellaneous - Programs 4-7 


' POP-11 UYK-28 UYK~7 GYK~12 UYK-19 C}-35% C1-95% 
(FIXED) (RANDOM) 
LOG(S) 3 ~8.218 -8,223 8.268 8.161 8.813 8.256 8.293 


LOG (M8) + ~8,211 ~8.438 8.324 8.829 8.236 8,337 8.3396 
LOG (M16) + ~8.214 8,441 8,.33F 8.826 8.293 8.338 8.331 
LOG (M32): ~8, B86 -8,341 8.183 ~8.121 8.365 0.331 8.394 
LOG(RIG): -B. 808 ~B, 287 8.887 8.185 8.824 8.328 8.397 


LOG (R32) : 8.876 ~8, 681 -8, 893 ~8. 883 8.186 8.323 8.385 


Cae ee ee dL 


Addrees Manipulation = Programs 8-11 


POP-11 UYk-28 UYK-7 GYK-12 UYK-19 Cl -95% Cl-95% 
(FIXED) (RANDOM) 
LOG(S) 3 ~8.134 ~8,122 8.173 8.287 -8.124 8,256 8.239 


LOG (M8) + ~8. 881 -8,268 8.133 8. 886 8.841 8,337 8.396 
LOG (M16): 6.888 -8, 268 8.133 8. 886 8.841 8.338 8.391 


LOG (M32): 8.117 ~8,182 -8.807 ~B, 843 8.115 8,331 8.394 
LOG(Ri6): B.411 ~8.123 ~8.112 8,868 8.856 8,328 8.397 
LOG (R32): 8.224 ~8,8613 -8.278 ~B.139 8.285 8,323 8.385 


Tere owe ss o. nentngeeatiaRCAGE  tit Aelypmis inditstaaA EO OE ae gy EE I I —- er gee iy 


LOG(S) : 
LOG (M8) : 
LOG (MIG): 
LOG (M32): 
LOG (R16): 
LOG(R32)1 
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LOG(S) 3: 
LOG(M8) 3 
LOG(M16): 
LOG (M32): 
LOG(R1G): 
LOG (R32): 


Character and Bit Manipulation - Programs 12-15 


PDP-11 


~8.218 
-8.175 
~8,164 
-8.873 
-8.04) 

8.186 


UYK-78 


~8. 266 
-B.438 
-B.439 


UYK-? 


0.195 
8.268 
8.292 
8.142 
~8.846 
-8.241 


Executive Mode - 


UYK-26 


8.833 
~B8.186 
-@, 198 
~8, 884 
-8,287 
-B,184 


UYK-7 


8. 389 
8.346 


GYK-12 


8.386 
-8.818 
~B, 826 
-8.125 

8.837 
-6. 281 


IWK-19 


-8. 025 
8.354 
8,337 


Programs 8-3,18,11 


GY-12 


~-8.058 
-8.182 
-8.185 
-8.338 
-8.212 
-8,371 


UYK-13 


-0,188 
8.877 
8,878 
8.183 
8.123 
8.258 


Cl-95% 
(FIXED) 

8.256 
237 


C1-35% 
(FT XED) 
8.289 
8.275 


Cl-[15% 
(RANOOM 
6.239 
6.336 
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C1-95% 
(RANDOM) 
0.244 
8.324 
8.319 
8.322 
8.324 
8.314 


ee ee ee ee ee ee ee ee 


LOG(S) 3: 
LOG(M8) 
LOG (M16): 
LOG (M32): 
LOG(RIG): 
LOG (R32): 


POP~11 


~8,287 
-8,182 
-8,179 
~8. 868 
8,823 
8. 832 


User Mode = Programs 4-9,12-15 


UYK-28 


-8.215 
-8.39) 
-8,393 
~8.314 
-8,251 
~8.122 


UYK-7 


8.232 
8.312 
8.325 
8.172 
8.834 
-B.144 


GYK-12 


8.246 
8,843 
6.835 
-8.892 
8. 869 
~8.143 


UYK-19 


-8, 856 
8.213 
8.211 
8,382 
8.172 
8.318 


C1-35% 
(FIXED) 
8.162 
8.213 
8.288 


CI-35% 
(RANDOM) 
8.183 
8.251 
8.247 


lel hel ae edd Le ee ee er 


MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 


MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 


~ MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 


MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 
MACHINE EFFECTS 


MULTIPLICATIVE MACHINE EFFECTS 


L.OG(S) 1 
LOG (M8) : 
LOG (M16): 
LOG (M32): 
LOG (RIG): 
LOG (R32): 


All Test Programs 


POP-11 


8.813 
8.878 
8. 881 


UYK-28 


8.887 
8.728 
8.728 


UYK-7 


1.298 
1.383 
1.394 


Interrupts and Trapo - Programa 

POP-11 UYK-28 UYK=7 

LOG(S) 8.787 1.140 1.583 
LOG(MN8) : 8.874 8.872 1.772 
LOG (M16): 8, 881 8.888 1.767 
LOG (N32); 1,881 8,995 1,398 
(.0G (R16): 1.869 8.678 1.689 
LOG (R32): 1.174 8.749 1.434 
Miecellaneous = Programa 4-7 

POP-11 UYK-28 UYK-7 

LOG(S) 4 8. 804 8.808 1.387 
LOG (M8) 3: 8.818 8.645 1.383 
LOG (M16); 8.808 8.643 1.399 
LOG (N32): 8.918 Q.711 1.281 
LOG(R1G): 8.992 8.813 1,898 
LOG (R32): 1.873 8.923 8.911 
Address Manipulation - Programs 

PDP-11 UYK-28 UYK~7 

LOG(S) 1: 8.875 8.885 1.189 
LOG(N8) : 8.999 8.771 1.142 
LOG (M16): 1,888 8.771 1.142 
LOG (N32): 1.124 8,834 8.993 
LOG(R1G): 1.4118 8.885 8.894 
LOG (R32): 1.251 8,987 8.758 


GYK-12 


1.174 
1,838 


bel alee eal ete eed hehehe edad eke heheh thee dhe hhh dh hk ke hod ek Ake dl) 


UYK-19 


8.847 
8.972 


UYK-19 


1,813 
1.344 


Cella cle anal cetera ell ale ile el ee ee ee ee ee ee en re ee ey 


UYK~19 


8.883 
1.842 


Oe tee oe ee Oe om et es nh a Ek ale i OS OS OE OS SD OD OS BH OF 8S BP OE OE OE OS ME GP ES Sy Oe Be By OS OD OF OF ED SE Ot Ot oe On OE Om Oe me ay Ue Oy fen be Oe Oe Ee Oe Ow On Om oe om be ee 


Character and Bit Manipulation - Programs 12-15 


POP-11 UYK~28 UYK-7 GYK-12 UYK-193 


MACHINE EFFECTS LOG(S) 4 8.811 8.766 1.215 1.358 8.975 
MACHINE EFFECTS LOG(M8) : 8.848 8.645 1,388 8.9398 1.425 
MACHINE EFFECTS LOG(MI16): 8.849 8.645 1,339 @.975 1.401 
MACHINE EFFECTS LOG(M32); 8.929 B.682 1,154 8.883 1,549 
MACHINE EFFECTS LOG(R16): 8.968 8.713 8.955 1.838 1.474 


MACHINE EFFECTS LOG(R32): 1.112 ~ 8,828 8. 786 8.818 1,787 


Che deted edd de tad he heed St a oo eee ee ee eee ee en ee eee Pee ee ee 


Executive Mode = Programs @-3,18,11 
POP~-11 UYK-28 UYK~? GYK+12 UYK-19 


MACHINE EFFECTS LOG(S)  : 8.827 1,839 1,362 8.951 8.898 
MACHINE EFFECTS LOG(M8) : 8.957 0.822 1,413 8.834 1.688 
MACHINE EFFECTS LOG(M16): 8.962 8.827 1.411 8.831 1.873 


MACHINE EFFECTS LOG(M32): 1,898 8.918 1,157 8.713 1.288 
MACHINE EFFECTS LOG(R1G): 1.132 8.758 1.278 8.883 1.138 
MACHINE EFFECTS LOG(R32) : 1,252 8,832 1,876 8.698 1.234 


User Moda - Prograns 4-9,12-15 
POP~11 UYK~28 UYK~7 GYK-12 UYK-19 
MACHINE EFFECTS LOG(S) 3: 8.813 8,806 1,261 1.279 8,945 


MACHINE EFFECTS LOG(M8) : 8,834 8.676 1,366 1.044 1.245 
MACHINE EFFECTS LOG(MIG)s 8,836 8.675 1,385 1.836 1.235 
MACHINE EFFECTS LOG(M32): 8,934 8.731 1,188 8.912 1.353 
MACHINE EFFECTS LOG(R16): 8.977 8.778 1,834 1,871 1,187 


MACHINE EFFECTS LOGIR32) 1 1,896 @,885 8, 866 8.867 1.374 
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APPENDIX 1 


Yijn 2 U + Pi * Tent Mas PMc ® Tei t Aik 

Range of the subscripts are : | = Jii, wedi, k = 1K 

where I= 8, J= 2 and K =5 
Deg. of Freedom 


SSp = IK 3 CY, -¥)? I-1 

SS = KEE (-¥,)? KJ-1) 
SSiy = 1B, (Y ge¥_)? Kel 
SSpy we IEE, Yi aY nV RY)? (I-1)(K=1) 
SSTM aie tod td ACT a KJ=1)(K-1) 


Theoretical Expected values of the mean squaros obtained by 
dividing the corresponding sume of squares by their degrecs 
- Of freedom, The analysin assumes that the P and T factors are 
random and tha machine or M factor is fixed. 
E(MSp) =e + Kez® + JKepé 
‘ E(MS7) = o2 + Key? 
E(MS)y) ere eye i+ Jepy* + Wey? 
E(MSpyy) mets eTye + Jepy* 
E(MSqy) = 6? + ery? 


The estimates of the varlances are calculated as below, 


ep* « ( E(MSp) - E(MS7) ) / JK 
or? ™ ( E(MSq) - e@ ) 7K 
epye m (E(MSpyy - E(MS yyy) ) / J 
eT? = ( E(MStyy) ~ 62 ) 


ey? = (Eq My? ) / Kel 


Log S 


Log M, 


APPENDIX 2 


Log Moo 
ALL TEST PROGRAMS 


Confidence Intervals are Random 95% 


PDP11 
+ 


Log - Log R a 


0.9 


0.8" 


0,7 


Log $ 


Log M, 


— 


Log M é Log Mo. Log sa 


INTERRUPTS AND TRAPS 
Confidence Intervals are Random 95% 


een: 


POP11 


GYK12 
0 


ommeen arnee een  e 


Log S_ Log M, Log Mie Log M 


MISCELLANEOUS 
Confidence Intervals are Random 952 


a tt een ~ meee yee ene 


—L 


0.8 


07° 


Log $ Log Mi Log Mig Log M,. Log es 


ADDRESS MANIPULATION 
Confidence Intervals are R>ndom 957 


+ ne eR repens wet cnr Bins WU ee re — 


ee ee 


0.8 


Log $ 


Log Me 


Log Ms 


CHARACTER AND BIT MANIIPULATION 
Confidence Intervals are Random 95% 


Log Moo 


Log R 
16 


in 


Log S 


Log M, 


Log Mie Log Ms 


EXECUTIVE MODE PROGRAMS 
012391011 


Log R 
16 


Log S ° Log M, Log M ce Log Ma Log e 


USER MODE PROGRAMS 
456789 j2 13 1415 


oS vei mAh tee ee — 


ede te: tod. 


APPENDIX 3 - PROGRAM MEASURES 


werner nen tt  i;) nr er 
Machine 11 8628 7 12 19 11 28 7 12 19 
Prag/Pymr 9 ------ 2 een een nn nen nt nnn nnn nn ee ne es 
8/7 94 164 228 148 138 2268 1088 7618 3524 4286 
8/8 8&8 142 236 168 156 2294 1888 7568 3897 4052 
1/S 96 162 246 164 38 252 354 $72 434 228 
1/18 118 168 384 184 128: 358 418 884 S76 326 
2/6 214 734 472 264 238 628 1268 1312 528. S82 
2/3 282 448 428 192 232 468 872 1348 364 876 
3/4 306 16@ 252 138 2228 618 496 £12 188 424 
3/11 254 196 272 148 1396 666 576 611 198 574 
4/3 288 242 348 312 278 2598 .1422 3144 1884 4818 
4/12 248 174 256 316 258 2884 1864 1678 1716 2986 
5/1 186 188 256 212 226 734 758 81656 S64 1858 
5/14 208 244 428 392 288 2818 1752 S396 4668 2978 
6/2 274 298 376 368 374 2644 2848 S456 3288 4472 
6/13 258 276 436 3684 378 2618 2378 4592 3248 3778 
7/8 54 68 176 i116 64 968 S66 2214 1848 1754 
7/1S 96 86 136 128 122 1518 1888 2414 2114 2622 
8/8 8&8 182 172 152 94 838 818 1492 1246 838 
8/15" 128 136 188 212 114 1148 1822 2232 1788 986 © 
8/2 144 178 #196 256 122 228 3278 396 344 238 
39/13 156 132 284 132 132 282 218 372 384 256 
10/1 224 202 248 244 226 2508 1376 1468 1992 2542 
18/14 238 268 348 324 264 3042 1948 3864 3356 3226 
11/3 256 292 3828 352 388 11838 9188 7008 16196 14848 
11/12 338 226 352 356 368 6888 4178 5892 5216 9832 
12/4 36 116 162 588 148 762 $92 2529 i636 2366 
12/11 86 128 168 236 128 842 1378 384] 2668 2638 
-13/6 . 182 286 328 308 288 1458 882 2492 1896 193 
-- 13/79 238 198 368 384 246 788 $48 1528 16866 916 
14/5 198 178 246 264 298 763 Sis 958 7360 «1312 
14/18 . 348 284 382 178 294 2282 668 846 676 2488 
15/7 278 256 444 332 282 4464 3666 5818 43962 7782 


15/8 326 256 512 446 482 7846 5884 8442 5686 8236 


Machine 11 28 7 12° 19 11 28 7 12 19 
Prog/Pgmr  ----n nnn nnn nen nn ee ee rn en ee ne ee ee nee ne nee 
8/7 2512) 1164 7782 3578 4286 3554 1528 7872 3984 6828 
8/8 2378 1164 7788 3152 4852 3586 1538 7788 3482 5886 
1/5 258 354 $72 434 228 366 584 $72 444 382 
1/18 358 418 884 576 326 488 574 884 588 472 
2/6 626 1268 1312 528 582 889 1638 1312 528 726 
2/3 466 878 1348 364 876 632 1258 1348 416 1274 
3/4 628 496 $12 188 424 986 874 $12 228 668 
3/11 668 576 618 198 574 1814 974 628 216 372 
4/3 2598 1422 3144 1884 4818 3378 1546 3144 1888 5342 
4/12 2084 1864 1888 1716 2906 2558 1256 1888 1716 3768 
5/1 734 758 1656 864 1858 1894 1868 1656 864 2258 
5/14 2018 1752 S396 4668 2978 2634 2188 5396 4668 3554 
6/2 2654 2848 S456 3288 4472 3595 3618 S456 3368 4884 
6/13 2618 2378 4592 3348 3778 3364 2982 4592 3388 4118 
7/8 S68 S66 2214 1848 1754 1428 1432 2236 1868 2282 
7/15 1518 1888 2414 2114 2622 1948 1538 2416 2128 4388 
8/8 982 818 1492 1246 838 1216 1828 1544 1324 10398 
8/15 1148 1822 2232 1788 985 1548 125@ 2232 1788 #$$$1372 
9/2 228 278 396 344 238 285 378 396 364 294 
9/13 282 218 372 384 256 376 288 372 384 344 
16/1 2508 1376 1468 1982 2542 3202 1668 1468 1992 2986 
18/14 3842 1948 3864 3356 3226 3696 2144 3864 3364 3694 
11/3 11838 9108 7806 16196 14048 14819 11084 7888 18196 16228 
11/12 6888 4178 5892 5216 9832 8998 $428 S892 S216 11686 
12/4 832 1862 2808 1668 2364 1898 1348 28808 1732 3888 
12/11 $12 1448 3328 2668 2638 1218 1868 3328 2872 3682 
13/6 1548 882 2492 1896 1836 1918 1844 2492 1996 2436 
13/9 788 S48 1664 1866 $16 926 652 1664 1144 1242 
14/5 782 522 968 736 1312 18088 626 968 768 1796 
14/18 2885 668 864 676 2488 2378 784 864 788 2936 
15/7 4484 3666 5818 4962 7782 $732 4644 5884 5172 £93458 


15/8 7846 5804 8442 S686 8236 8878 6234 8532 6188 18536 


Se ete eed Se ee —- = eng: spear ee ee tere tet 


Muchine il 28 7 l2, 13 11 28 7 12 i 


Prog/Pgitr = cere rr errr errr cre eee et een ee 
‘8/7 2631 1885 6849 2281 4458 2633 1889 86944238 =. 11994 4458 
8/8 1932 345 6282 2868 4368 1932 345 4255 1729 4258 
1/5 237 249 311 313 246 237 249 274 237 246 
1/18 322 292 5S8 385 367 322 292 4¢i 238 267 
2/6 547 = 1831 819 366 485 547 +1831 638 288 485 
2/3 496 694 888 252 $68 498 694 683 221 358 
3/4 559 138 611 168 328 543 138 589 125 328 
3/11 758 173 659 171 334 734 179 538 138 334 
4/3 4008 3261 7939 4855 6323 4888 3261 4509 31768 S323 
4/12 4131 3195 3389 7189 4779 4131 3195 1983 3964 4779 
5/1 2262 2869 2541 2346 2837 1558 1491 1686 1349 1795 
6/14 4472 42867 7539 7834 4662 3766 3629 4692 4682 4368 
6/2 4991 4526 4893 4229 4632 4849 4864 348) 2927 4257 
6/13 5172 4834 4526 4347 4308 4182 3784 3116 2961 3897 
7/8 14488 1283 1364 1651 2454 1488 1283 1175 1362 2454 
7/15 2001 1314 1807 1974 143@ 2081 1314 1476 1397 1438 
8/8 1482 1086 1549 1326 1193 1482 1886 1859 1881 1193 
8/15 1867 «81688 3146 2331 1728 1867 1688 2808 1734 1728 
9/2 212 238 223 231 308 212 238 205 218 388 
9/13 298 207 225 244 311 298 287 205 175 311 
18/1 2981 1956 1389 2254 274G 2981 1956 898 1686 2746 
10/14 3893 2456 2874 3336 3371 3893 2456 1647 2264 3371 
11/3 17995 14443 10895 15152 14367 16176 12848 6324 9758 14282 
11/12 9389 7750 7868 8933 7723 7644 6155 4977 5511 7558 
12/4 . ~ 1169 1175 3647 1789 3051 1168 1175 1289 1263 3851 
-12/11 1149 1883 1786 2943 2843 1149 1083 1413 2153 2843 
13/6 2277) 1983 «63882083781 = 3288) )=— 2277) 1803) = 2484) = 2233S 8288 
13/9 733 36 1084 1138 1659 733 836 815 838 1853 
14/5 862 781 764 917 1648 862 781 558 657 1648 
14/18 3685 886 738 851 3625 3685 886 534 566 2625 
15/7 8308 6696 11827 11634 11751 8308 GS12 7287 693Y 11751 
15/8 11397 6668 8287 6174 18173 11397 G476 6791 4414 18173 


